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ECENTLY Farr and MacFadyen' reported finding a chronie plasma 

hypoaminoacidemia in nephrotic children and an acute exacerba- 
tion of this plasma amino acid deficit during nephrotic crises. Failure 
to control the plasma amino acid deficit on diets which promote optimal 
nitrogen assimilation in nephrotie children® led to the consideration of 
the therapeutic use of amino acid mixtures. Van Slyke and Meyer 
showed that moderate amounts of amino acids given to dogs in- 
travenously were removed rapidly from the blood stream and there 
were no apparent toxic effects. Because of the difficulties of pre- 
paring a satisfactory digest for human use, there was little further 
work reported on this problem until recently. In 1937, Elman‘ re- 
ported studies showing the practicability of casein digests as a source 
of nutritional nitrogen. Elman gave the digest intravenously and re- 
ported no severe reactions. Farr and Mackadyen’® have reported 
further studies on nephrotic children which show that amino acids 
given intravenously are not immediately lost in the urine. This 
demonstrated the feasibility of this procedure for providing an extra 
souree of amino acids in these patients. The present study was carried 
out to determine the effects upon the level of the plasma amino acids 
and upon the nitrogen balance of intravenous administration of a 
casein digest to children with the nephrotie syndrome. 


MATERIALS AND METHODS 


The nitrogen content of the diets was ecaleulated from standard tables 
on food analysis. Throughout the period of study the same weekly diet 
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was used. This permitted some variation in the daily menu and provided 
for a check on any inaccuracies of the ealeulated diet since the patients 
received the same foodstuffs during periods of amino acid administra- 
tion and rest periods. 

The urine samples were collected in clean sterile bottles, and when- 
ever practicable, the patient voided directly into the bottle. No preserva- 
tive was used. At the end of each twelve-hour period, each bottle was 
tightly stoppered and stored in the icebox until the end of the metabolic 
interval of study. At this time the entire urine specimen was thor- 
oughly mixed, and aliquots were removed for analysis. Stool specimens 
were collected in clean pots, sent to the laboratory immediately after 
they were obtained, and transferred quantitatively to a concentrated 
sulfurie acid mixture. At the end of each period, the acid stool mixtur 
was thoroughly mixed, made up to a convenient volume, and aliquo 
were removed for analysis. The beginning of each period was mark 
hy feeding the patients 0.2 Gm. of carmine with breakfast, and the fi 
stool containing carmine was taken as the first specimen of the ensui 
period. No laxatives were necessary at any time. 

Standard macro-Kjeldahl procedures were used for determining total 
stool nitrogen and urine nonprotein nitrogen after deproteinization with 
trichloracetie acid. Urine protein nitrogen was determined by a slight 
modification of the biuret colorimetric procedure of Hiller.° Urea plus 
ammonia nitrogen in the urine was determined by the method of Van 
Slyke and Kugel.’ Plasma amino acid nitrogen was determined by the 
ninhydrin-CO, method of MaeFadyen and Van Slyke.* The other elin- 
ical chemical analyses were carried out by the methods routinely used 
in this laboratory.*" 

The casein digest* used was an enzymatie product, required no addi- 
tional amino acids, and satisfied the nutritional needs of rats."° The 
dry powder, packed in vacuum sealed cans, was kept unopened in the 
icebox until needed. The dry powder was weighed and dissolved in hot 
fresh triple distilled water at about 100° C. At this temperature solu- 
tion was readily effected. Enough powder was used to give a solution 
containing approximately 10 per cent easein hydrolysate by weight and 
to vield lots of about 5 liters of the final solution. After solution was 
apparently complete, the material was kept on the steam bath for from 
thirty minutes to one hour, filtered through a Seitz filter while hot, 
bottled aseptically in lots of 100 ¢.c., autoclaved and stored in the icebox 
until used. The final solution had a reddish chestnut-brown color. The 
pH of the final product determined with a glass electrode averaged 4.45. 
No buffers were added. Material prepared in this way has been used after 
six months in the icebox with no reactions in the patient following its 
use. In some bottles a floeeulent black precipitate formed after a few 


*Obtained through the generosity of Mead Johnson and Company. 
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days in the icebox. This was removed before use by filtering through a 
sterile gauze square. Prior to clinical use, an aliquot of each lot was 
tested in rabbits for chill-producing substance.* If this test was satis- 
factory, the solution was ready for clinical trial. 


CLINICAL COURSE OF PATIENTS DURING STUDY AND 
EXPERIMENTAL PROCEDURES 


Four patients on the wards of the hospital were selected for study, 
two males, J. C., aged 6 years, and W. O’B., aged 4 years, and two 
females, R. Q., aged 7 years, and E. S., aged 7 years. All had been 
under observation on the hospital wards for several months prior to 
beginning this study. All had a history of insidious onset of edema 
without antecedent infection. At the time this study was begun, all had 
characteristically low plasma proteins, normal hemoglobin, normal blood 
urea nitrogen, normal blood pressure, normal urea clearance, and absence 
of hematuria. They were free from obvious acute or foeal infection and 
had no clinically demonstrable edema or ascites. Previously, for three 
months, nitrogen balance studies had been carried out on three of the 
patients who had been on weighed calculated diets of approximately the 
same content as used in this study. One patient, E. S., had been on an 
approximate unweighed diet of the same proportions until two weeks 
prior to beginning this study, when she was started on the weighed and 
‘aleulated diet used in these observations. Laboratory and clinical find- 
ings on these patients are summarized in Figs. 1 to 4. The present study 
was carried out on J. C. during months twenty-five to twenty-nine, on 
W. O’B. during months five to nine, on R. Q. during months six to nine, 
on E. S. during months fifty to fifty-four. 

The four children were observed on a nitrogen balance study for 
fifteen consecutive weeks. A résumé of the diets used during the period 
of observation is given in Table I. Two one-week periods of study were 
completed before any amino acids were given intravenously. During 
the third period, 10 per cent casein hydrolysate solution mixed with 
an equal volume of 10 per cent glucose was given before breakfast on 
the first, third, and fifth days. The solution was allowed to run into the 
vein by gravity. A 20 gauge needle was used, and the bottom of the 
infusion flask was about 20 inches above the vein. At the conclusion of 
each amino acid infusion, a few cubic centimeters of 5 or 10 per cent 
glucose were run in to insure complete administration of the digest. The 
same technique of administration was used during all subsequent 
periods. No amino acids or glucose were given on the second, fourth, 
sixth, and seventh days. The quantity given to each patient varied, 
since the infusion was discontinued promptly when the patient became 
nauseated. W. O’B. was given 10, 2.7, and 5 Gm. of the amino acids; 
J. C. was given 5, 2, and 5 Gm.; R. Q. was given 10, 2.5, and 5 Gm.; 


*I am indebted to Dr. Kenneth Goodner who carried out these tests in his laboratory. 
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Fig. 1.—Graphic summary of course of J. C, since admission to the hospital. The 
present study covers months twenty-five through twenty-eight. Note the absence of 
effect upon renal function following the hemolytic streptococcus infection in month 
twenty-seven, 
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E. 8S. was given 5, 2.6, and 5 Gm. <A second control study of three 
one-week periods followed. During the seventh period, 5 Gm. of 
casein hydrolysate in the 10 per cent solution were given each morn- 
ing before breakfast for five successive days te each of the four 
patients. Glucose was not administered simultaneously during this 
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Fig. 4.—Graphic summary of course of E. S. since admission to the hospital. The 
present study covers months fifty through fifty-three. This child made a complete 
recovery from her first attack in the twenty-eighth month and was well until three 
weeks before readmission in the forty-fifth month. She has made a complete recovery 
from her second attack and now has been well for ten months. 
period. The first day of the seventh period J. C. developed a fever of 
101° F. which returned to normal in three hours after amino acids 
had been given. He complained of a scratchy throat. Physical exam- 
ination was negative, except for a slight reddening of the throat. He 
had no more fever during this period. The first day of the eighth 
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period, he was given no amino acids intravenously. Ile developed 
a fever of 103° F. and a sore throat, but did not appear to be gravely 
ill. Ilis temperature returned rapidly to normal after taking some 
aspirin and remained normal all night. Blood culture was sterile. The 
second day of this period his temperature rose rapidly to 105° F., and 
at noon the patient was prostrated with a grave illness. While his 
temperature was rising to a peak of 108° F. by 1:30 p.m., a blood eul- 
ture was taken, and another at the temperature peak. At the height of 
his temperature an infusion of 125 ¢.c. of 25 per cent glucose was given 
with 1 Gm. of aspirin, followed by a tepid sponge. Within two hours his 
temperature fell to 103.6° F., and the patient developed a generalized 
convulsion. Though no information from the blood cultures was avail- 
able, on clinical grounds the infection appeared to be of hemolytic 
streptococcus origin, and late in the afternoon neoprontosil intra- 
museularly was begun. The 2.5 per cent solution was used; 5 ¢.e. were 
given every four hours for two doses, and 2.5 ¢.¢. every four hours there- 
after. On this day he also received two additional infusions of 20 per 
cent glucose of 125 ¢.c. each. The following morning the patient’s two 
blood cultures taken the previous day were reported as positive for 
hemolytie streptococcus Group A, Type 13 (Lancefield). The first culture 
contained about 5 colonies per cubic centimeter and the second about 200 
colonies per cubie centimeter. Although by the morning of the third day 
the patient's temperature was down to 102° F., he remained gravely 
ill. Blood chemistry studies showed a plasma amino nitrogen of only 
2.10 mg. per cent; therefore, 10 Gm. of amino acids in 10 per cent solu- 
tion were given intravenously in addition to 28 Gm. of glucose in 10 per 
cent solution and 40 ¢.¢. of convalescent human scarlet fever serum. 
Later in the day, on two oceasions, the patient was given an additional 
40 ¢.c. of convalescent scarlet fever serum. The neoprontosil therapy 
did not result in a satisfactory concentration in the blood, the value 
being below 1 mg. per cent after twenty-four hou_s, so the patient was 
changed on this evening to sulfanilamide by mouth, 0.66 Gm. every 
four hours for two doses and then 0.33 Gm. every eight hours. The 
morning of the fourth day his temperature was nearly normal, the blood 
sulfanilamide concentration was 7 mg. per cent, and the plasma amino 
acid nitrogen, 2.09 mg. per cent. Ten grams of amino acids in 10 per 
cent solution, plus 25 Gm. of glucose in 10 per cent solution and 40 c¢.e. 
of convalescent serum, were given intravenously. An attempt was made 
to match the patient for transfusion, but no suitable donor could be 
found. The patient’s blood agglutinated several donors of the same 
type. Ilis temperature fell gradually to normal, and two days later 
sulfanilamide therapy was discontinued. Further convalescence was 
uneventful. During his acute illness the patient was fed a liquid 
diet with the same caloric, protein, carbohydrate, and fat content as 
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his regular diet. Except for two days when he was critically ill, this 
diet was surprisingly well taken. This was made possible by the care- 
ful nursing care by Miss E. Glantz and the nurses under her, and the 
skillful compounding of the diet by Miss M. Rhine and her staff in the 
diet kitchen. During the remainder of the study the patient had no 
further illnesses. : 

Beginning with period eight, the diet of E. S., R. Q., and W. O’B. 
was inereased to 4 Gm. of protein per kilogram of ideal body weight. 
The patients were kept on this diet for two one-week periods. The protein 
content of the diets was then increased to 5 Gm. per kilogram for two 
periods, the first of four days and the second of three days. After this 
time on the very high diet, the protein content was reduced to 3 Gm. 
per kilogram where it was maintained for the duration of the study. 
Because of his severe illness, the diet of J. C. was not increased during 
these periods. Following restoration of optimal protein diets, a con- 
trol period of one week elapsed before amino acid administration was 
resumed. During period 14, 5 Gm. of casein hydrolysate as a 10 per 
cent solution was given intravenously before breakfast daily for five 
days. The amino acid solution was mixed with an equal volume of 
10 per cent glucose during this period and also whenever administered 
during period fifteen. During period fifteen, W. O’B. and R. Q. re- 
ceived 5 Gm. each on the fourth and sixth days of the period; E. 8. 
received 10 Gm. on each of these days, and J. C., 15 Gm. on the fourth 
and 10 Gm. on the sixth day. During the final week another control 
study was run. 

Throughout the study the urea plus ammonia nitrogen of the urine 
was determined, and its ratio to the nonprotein nitrogen of the urine 
was ealeulated. 

Exeept for the above-described illness of J. C., all the children were 
free from infection and fever throughout the period of study. 
Fortunately, there was no vomiting of food during the balance study 
except on a very few occasions, and an equivalent amount of food was 
immediately re-fed. No corrections in nitrogen balance were necessary 
for accumulation or loss of edema or elevation of blood nonprotein 
nitrogen during the study. 


RESULTS 


No severe reactions followed the intravenous administration of the 
casein hydrolysate. The patients all developed a marked flush at the 
beginning of the infusion which persisted throughout the time the injee- 
tion was being given and for about fifteen to twenty minutes after its 
conclusion. A sensation of warmth was noted at the same time by the 
patients. These effects were not altered by the speed of injection. On 
numerous occasions a sensation of nausea was complained of, and in 
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several instances this was followed by rather severe retching. In these 
patients, the development of nausea and vomiting seemed to be related 
not only to the rate of injection but also to the total amount given. 
With small doses, e.g., 5 Gm., given slowly, i.e., during thirty minutes, 
there was little nausea and no vomiting. When this amount was in- 
jected within a period of from five to seven minutes, nausea usually 
developed, but emesis did not always follow. When 10 Gm. or more 
were given in a twenty-minute period, nausea was common, and fre- 
quently there was retching. One patient, W. O’B., always developed 
retching whenever the total amount administered at any single injee- 
tion exceeded 6 Gm. This reaction could not be avoided in this patient 
by very slow injection. J. C., on the other hand, was able to take 15 
Gm. at one administration without vomiting, although there was very 
definite nausea. When the material was given after meals, both of 
these reactions were exaggerated to such an extent that administration 
under these conditions had to be stopped. During the period of amino 
acid injection, the patients felt unusually well and played with great 
vigor throughout the day. Their appetites remained excellent. 

The rise in plasma amino acid nitrogen immediately after injection 
was quite constant. After 5 Gm. was given on each of two oceasions, 
the plasma amino acid nitrogen for E. S. rose in one instance from 3.47 
to 8.28 mg. per cent and on the other occasion from 3.63 to 6.65 mg. per 
cent. In the latter instance, thirty minutes later the value had 
dropped to 4.09 mg. per cent. The administration of a like amount 
to J. C. on each of two occasions was followed by a rise from 3.14 to 
8.72 mg. per cent and from 3.30 to 7.83 mg. per cent, which in thirty 
minutes had decreased to 4.23 mg. per cent. After 10 Gm., the plasma 
amino acid nitrogen of R. Q. rose from 3.47 to 12.07 mg. per cent, and 
in W. O’B., from 3.33 to 11.61 mg. per cent. There were no significant 
changes in the concentration of the blood urea nitrogen nor increased 
urea excretion in the urine immediately following the injections. Sub- 
sequent studies, as yet unpublished, indicate that, within one hour 
after administration of amino acids intravenously, the blood level has 
returned to its original value. Although the injected amino acids were 
retained, there was no decrease in the plasma amino deficit following 
a series of injections. This absence of effect on the fasting level is 
shown in Figs. 5 to 8 After a series of injections, the fasting level 
was somewhat lower on W. O’B. in periods 3 and 14, on E. 8. in period 
15, on R. Q. in periods 3, 7, and 15. There was a slight rise on W. O’B. 
in periods 7 and 15, on E. 8S. in periods 3, 7, and 14, and on J. C. in 
period 3. Significant but transient rises were seen on J. C. in periods 
7 and 15, and in R. Q. in period 14. The variation seen in these periods 
was no greater than spontaneous variations previously observed in 


these same patients. 
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The pigment responsible for the color of the amino acid solution ap- 
peared to be immediately and quantitatively excreted in the urine. 
After an injection, the color of the urine closely approached that of 
the solution administered, and although we did no eareful studies 
on this pigment, the earlier study on urine nitrogen after amino acid 
injection indicated that no significant loss of injected nitrogen oe- 


eurred. 
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Fig. 5 Summary of nitrogen balance studies on J. C. Note the negative nitrogen 
balance in period 6, one full week before the first nephrotic crisis. No effects upon 
the level of plasma amino acids followed injection of casein hydrolysate. Plasma 
ilbumin rose parodoxically during period 8, when the patient was on a negative 
nitrogen balance, and fell through periods 15 and 16, when nitrogen balance was 
positive. Normal average plasma amino acid nitrogen 4.50 mg. per 100 c.c. 


The effeets on the nitrogen balance was shown in Table IT and 
Migs. 5 to & R. Q. was on a positive nitrogen balance in every 
' 


period except 13. This period began a lower protein diet than was 


viven in period 12. The excess loss of nitrogen during this period 
was apparently due to the fact that the patient was not able to attain 
immediate equilibrium with the lowered protein intake. The small 
amount of nitrogen lost for the period, however, indicated that she 
was able to make a fairly rapid adjustment to the diminished intake 
of nitrogen. On the other hand, the very large positive balances noted 
in periods 9 and 11 were caused by an increase in dietary protein 
without allowing an interval to elapse for attaining equilibrium on 
the higher diet. The maintenance of a positive nitrogen balance 
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during periods 10 and 12 and failure to excrete an amount of nitrogen 
during period 13 equivalent to the excess retained during the adjust- 
ment periods 9 and 11, indicated that apparently all of the nitrogen 
retained during the attainment of nitrogen equilibrium on the changed 
diets was actually assimilated. The administration of amino acids to 
this patient did not markedly alter the nitrogen balance. W. O’B. was 
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Fig. 6.—Summary of nitrogen balance studies on W. O'B. Note the constant level 
of plasma albumin throughout the study although the nitrogen balance was positive 
throughout thirteen of sixteen periods. Normal average plasma amino acid nitrogen 
4.50 mg. per 100 c.c. 
on a positive nitrogen balance throughout the study except for periods 
1, 13, and 15. The loss of nitrogen during period 13 followed a change 
in diet to a lower intake and does not represent a true lack of assimila- 
tion. The negative balance noted in periods 1 and 15, however, cannot 
be explained on the basis of dietary changes or infection, but must be a 
reflection of disturbances in nitrogen assimilation during these periods. 
The large positive balances for periods 9 and 11 again reflect a change 
in diet. A smaller amount of nitrogen was retained during these periods 
and also during periods 10 and 12 by W. O’B. than by R. Q. Again, in 
W. O’B. no marked effect upon nitrogen assimilation was seen after 
amino acid administration. The nitrogen balance of E. S. was in- 
fluenced during periods 9, 11, and 13 by changes in diet. The relatively 
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large amounts of nitrogen retained during periods 9 and 11 were not 
lost during periods 10 and 12, and very rapid attainment of equilibrium 
after changes in the diet is indicated by the very small loss during 
period 13. This patient showed a more marked response to amino acid 
administration than did any of the other patients studied. Her nitrogen 
assimilation increased most markedly during period 7, when the amino 
acids were given without the simultaneous administration of glucose. 
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Fig. 7.—Summary of nitrogen balance studies on R. Q. Note the gradual decrease 
in plasma albumin, although the nitrogen balance was positive. Retention of nitrogen 
during periods 9 and 11, following changes in protein intake, was indicated by the con- 
tinuing positive nitrogen balance through periods 14 to 16. Normal average plasma 
amino acid nitrogen 4.50 mg. per c.c. 


The negative nitrogen balance noted during periods 4 and 5 was not due 


to infection or diet change, but was due to the failure to assimilate 
nitrogen which is characteristic of nephrotic patients. J. C. was on a 
positive nitrogen balance, except during periods 6, 7, and 8. The nega- 
tive nitrogen balance during period 6 preceded a nephrotie crisis which 
developed the first day of period 7 and another crisis complicated with 
infection during period 8 The development of a negative nitrogen 
balanee as a characteristic precursor to nephrotic crises has already been 
deseribed."* It is worth noting that there was no inereased loss of 
nitrogen during period 8 as compared with the preceding period, al- 
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though the patient suffered from a severe infection during this time. 
The marked positive nitrogen balance after recovery from the crises 
and infection reflected an improvement in nitrogen assimilation during 
this interval. The nitrogen balance of this patient was not altered 
significantly by administration of amino acids. 
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Fig. 8.—Summary of nitrogen balance studies on E. S. Note. the fall in plasma 
albumin level during periods 3, 14, and 15, although the patient was on a _ positive 
nitrogen balance. Normal average plasma amino acid nitrogen 4.50 mg. per 100 c.c. 

No effeets upon the level of the plasma proteins nor the degree of 
proteinuria were noted after amino acid injections. What was more 
surprising was the failure of the plasma albumin to increase in R. Q. 
after fifteen weeks in positive nitrogen balance, and the marked im- 
provement in plasma albumin in J. C. during period 8 when he was in 
negative balance. The fall in plasma albumin seen in E. S. while on a 
continuously positive nitrogen balance was not expected. 

The average value of the urea clearance increased after administration 
of amino acids in three of the patients, E. S., J. M., and R. Q. (Figs. 1 to 
3). There was no obvious effect upon the urea clearance of J. C. (Fig. 
4). The increase in urea clearance was noted immediately after the in- 
jections were started. From three to five months elapsed following the 
final amino acid injection before the urea clearances in these patients 
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returned to their pre-injection level. The increase in clearance was not 


due to a decrease in blood urea nitrogen during the injection periods, 
since this value did not change appreciably. There was no water diuresis 
following injection, although the average total urine output during the 
injection periods was somewhat higher than during rest periods. The 
same average urine volume increase has been obtained in these patients 
by administration of water alone. Under these cireumstances, no change 
in the clearance level was observed. 

The administration of amino acids did not change the proportion of 
urea plus ammonia nitrogen in the urine. The ratios remained remark- 


ably constant in all four patients. 
DISCUSSION 


The marked retention of nitrogen was not expected on the diets which 
contained in excess of 3 Gm. of protein per kilogram of ideal body 
weight. In a previous study of nitrogen assimilation in five nephrotic 
children, both the relative and absolute assimilation of nitrogen de- 
ereased when more than 3 Gm. of protein per kilogram was fed.? Sub- 
sequent experience in this clinie with very high protein diets for these 
children has substantiated these observations. Maroney and Johnston" 
found decreased assimilation of nitrogen in normal children when more 
than 20 per cent of the total calories were furnished by protein. On 
the other hand, the normal child can readily maintain himself in posi- 
tive nitrogen balance with only 2 Gm. of protein per kilogram, while the 
nephrotie child requires at least 2.5 Gm. of protein per kilogram. The 
inability of the nephrotie child to maintain himself in nitrogen equilib- 
rium on a diet adequate for a normal child cannot be accounted for on 
the basis of nitrogen lost as protein in the urine. Increase of minimal 
nitrogen requirement in these patients simulates in many ways the in- 
creased requirements of nonnephrotie patients with fever or other in- 
toxication. Since the behavior of the nephrotie child in regard to nitro- 
gen assimilation parallels that observed in toxic conditions, for con- 
venience, such states, in which a negative nitrogen balance exists in a 
nephrotie patient with an adequate intake of dietary protein, may be 
characterized as those of ‘‘toxie’’ nitrogen metabolism, with the im- 
portant reservation that no assumption is made concerning the cause of 
the accelerated nitrogen excretion. 

Unpublished data obtained by us on nonnephrotie patients with pneu- 
monia and bronchiectasis indicated that, under such well-recognized 
toxie conditions, hypoaminoacidemia was not uncommon. Thus, the 
hypoaminoacidemia and nitrogen wasting seen in nephrotie patients 
become different facets of ‘‘toxie’’ nitrogen metabolism. Although the 
administration of amino acids to these nephrotic patients did not de- 
erease the minimal nitrogen requirements nor dramatically reverse a 
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patient from the ‘‘toxie’’ to the nontoxic type of nitrogen metabolism, 
this would be expected since the level of plasma amino acids remained 
subnormal, and, hence, the nitrogen metabolism remained of the ‘‘toxie’ 
type with increased maintenance requirements. The simultaneous ad- 
ministration of glucose did not enhance the effects of the amino acids. 

On the other hand, the amino acid injections apparently increased 
the capacity to assimilate nitrogen to an extent sufficient to overcome 
the toxie effects of a high protein diet. At the end of three weeks’ feed- 
ing of the high protein diets, clinical effects of toxicity were noted 
in increasing pallor and loss of appetite. During the first two weeks, 
however, the effects of amino acid injections given one full week 
prior to feeding the high protein diets remained dominant. This 
assumption of continuing effect for a period of time after injection is 
not unreasonable, as it was pointed out in a discussion of the effects 
upon the urea clearance that the clearance remained elevated for from 
three to five months after the injections were discontinued. 

Following the high protein diets there was a sharp drop in the 
plasma albumin level of E. S., although she remained on a positive 
balance. Her rapid subsequent recovery when the optimal diet was 
restored and the fact that she made a complete recovery from her 
disease in the next two months indicate that the regulation of protein 
level in the blood of nephrotic patients may be one of the first mecha- 
nisms deranged in the disease. This partial independence of the 
plasma albumin level in relation to total nitrogen exchange was shown 
also by J. C., who exhibited a rise in plasma albumin during period 8 
while on a negative nitrogen balance and a subsequent gradual fall 
during the last few periods while on a positive nitrogen balance. Since 
it is thus apparent that, over short intervals, the plasma albumin level 
may move in a direction counter to the general nitrogen assimilation, 
failure to find improvement in plasma albumin levels immediately 
after injection sheds no light on the utilization of the injected amino 
acids. That they shared the fate of dietary protein was indicated by 
the constancy of the ratio of urea plus ammonia nitrogen to total non- 
protein nitrogen in the urine. Presumably, nitrogen retained was 
first used to restore depleted tissue proteins and to satisfy growth re- 
quirements, and only under unusual circumstances, such as prevailed 
in J. C. during and immediately after his hemolytie streptococcus 
infection, was the retained nitrogen diverted to the manufacture of 
plasma proteins. No deductions can be drawn from these studies as 
to the nutritional adequacy of the amino acid mixture used since no 
attempt was made to use this as the sole or major portion of nitrogen 
supplied. 

The rise of the urea clearance following amino acid injection seemed 
to correspond to the rise previously observed in this type of patient 
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when the diet was changed from a low to a high protein content.** 
The same changes cannot be induced by feeding urea. In a study on 
dogs, Van Slyke, Rhoads, Hiller, and Alving’® found the change in urea 
clearance observed when the protein in the diet was increased to be 
due to an inereased renal blood flow. It would appear that the stimu- 
lating factor under these circumstances may have been the increased 
supply of amino acids. Further studies on this point are at present 
under way in this clinie. 


CONCLUSIONS 


Four nephrotic children, two boys, aged 4 and 6 years, and two girls, 
each aged 7 years, have been observed on a nitrogen balance study 
for fifteen consecutive weeks. 

Procedures used in dissolving and storing a suitable casein hydrol- 
ysate for intravenous use were described. 

The intravenous administration of amino acids as a casein hydrol- 
ysate caused flushing of the skin and a sensation of warmth. When 
the infusions were given rapidly or large quantities administered, in 
addition to the above reactions, nausea and vomiting were common. 
No febrile reactions were encountered. 

Nitrogen given as intravenous amino acids was assimilated and re- 
tained as well as, or better than, similar amounts of nitrogen fed as 
protein. After amino acid injections, the capacity of nephrotic 
patients to assimilate high protein diets was markedly increased over 
that previously observed. Inereased effects of amino acids were not 
obtained by the simultaneous administration of glucose. 

The injections had no effect upon the ratio of urea plus ammonia 
nitrogen to nonprotein nitrogen in the urine, plasma protein level, 
or fasting plasma amino acid level. 

In three of the four patients the administration of amino acid in- 
travenously produced an inerease in the urea clearance which per- 
sisted for from three to five months after injections had been discon- 
tinued. 

The nature of the inability of nephrotie patients to assimilate 
nitrogen was discussed. 
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ACACIA THERAPY IN A CHILD WITH NEPHROSIS 


Dorotuy F. FALKENSTEIN, M.D., AND Rosert L. Jackson, M.D. 
Iowa Crry, Iowa 


N 1933, Hartmann and co-workers' reported the successful use of 

acacia intravenously in the treatment of children with nephrosis. 
Recently, Lepore,* Landis,* Barach and Boyd,* and Shelburne’® reported 
temporary improvement in patients with edema and lowered serum pro- 
tein. The purpose of the acacia is to inerease the colloid osmotie pres- 
sure of the blood to compensate for the deerease caused by the lowered 
serum protein. Several observers have noted adverse effects of acacia. 
Dick, Warweg, and Andersch* made the following conclusions from their 
study on both human beings and dogs: acacia administration resulted 
in (1) a marked lowering of the serum protein; (2) a deposition of 
acacia in the liver, bone marrow, lymph nodes, lungs, kidneys, and 
spleen; and (3) only a transitory or slight effect upon edema. 

Jackson and Frayser,’ continuing these studies on dogs, found that: 
(1) the reduction in serum protein following the administration of 
acacia intravenously was not a simple dilution effect; (2) the albumin, 
globulin, and fibrinogen fractions all decreased slowly and regenerated; 
and (3) the cholesterol was reduced to about one-half the normal value, 
with a slow inerease tending to parallel the increase of protein. Dick 
and his eo-workers® and Jackson and Frayser’® concluded that the intra- 
venous administration of acacia is contraindicated in  nephrosis. 
Anderseh and Gibson* found deposition of large amounts of acacia in 
the livers of rabbits and dogs following its intravenous injection. Studdi- 
ford® confirmed these findings by three necropsies of patients who had 
received acacia for postpartum hemorrhage; he believes that acacia 
leads to damage of the liver and is dangerous. Hall'® reported a change 
in the glueose and galactose tolerance curves following the intravenous 
administration of acacia to dogs, which he interprets as evidence of 
damage to the carbohydrate and serum protein metabolic functions of 
the liver. Heekel and co-workers": showed that a lowered plasma pro- 
tein concentration following single injections of acacia in normal dogs 
was due, in part, to dilution and, in greater part, to actual decrease in 
total circulating protein. These authors conclude that clinical use of 
acacia for intravenous injections is not without danger. Fukuhara and 
Hiratsuka'* reported a series of observations covering only three hours 
after the intravenous administration of acacia to normal rabbits and to 
rabbits with liver and kidney damage. These authors observed that the 
effect of acacia on colloid osmotie pressure of blood was of short dura- 
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tion in all the animals and that the effeet was less in the rabbits with 
liver or kidney damage. They noted also a lowering of the plasma pro- 
tein and hemoglobin which was more marked in the rabbits wit! liver 
or kidney damage. Austin and MeGuinness'* discussed the added dan- 
ger of circulatory failure produced by increase in blood volume follow- 
ing the intravenous administration of acacia. 

This report describes briefly the course of nephrosis and summarizes 
the autopsy findings in one of the patients reported by Dick, Warweg, 
and Andersch.® 


D. S., a boy, aged 6 years, came under observation June 11, 19532, because 
of swelling of the entire body. The onset had occurred four months previously 
with an upper respiratory infection. Edema appeared in the face and ankles two 
weeks later, spreading rapidly to the remainder of the body and becoming pro 
gressively worse. 

Examination showed generalized edema, subacute faucial and pharyngeal ton- 
sillitis, mild sinusitis, and pallor. The blood pressure was 96/60; the urine showed 
a fairly large amount of albumin and casts, but no blood. The hemoglobin was 
70 per cent (Tallqvist); red blood count, 2,450,000; white blood count, 6,150, 
with a normal differential count. The blood Wassermann reaction was negative. 
The serum protein was 4.7 Gm. per 100 ¢.c.; nonprotein nitrogen, 53 mg. per 100 
e.c.; and cholesterol, 320 Gm. per 100 e.e, 

A high protein diet was prescribed and its intake supervised. The infection 
of the upper respiratory tract was treated conservatively. Blood transfusions were 
given frequently. Concurrent with this regimen of treatment, the edema increased. 
To combat the edema, acacia was given intravenously, approximately 1 Gm. for 
each kilogram of body weight, in concentrations varying from 6 to 15 per cent. 
Ampoules of 30 per cent acacia with 4.5 per cent sodium chloride diluted with 
distilled water were used. The edema varied in degree following its use, decreasing 
at first, but later showing little alteration, even after repeated generous dosages of 
acacia. Thyroid and salyrgan had little effect. During a period of six months 
of acacia therapy, the liver enlarged almost to the umbilicus and became very 
tender. During this period of acacia administration, the serum protein fell from 
4.7 Gm. per 100 ¢.c. to 1.5 Gm. per 100 ¢.c. Beeause of the enlarging liver, acacia 
therapy was discontinued after a total of 705 Gm. had been given intravenously. 
With subsequent repeated blood transfusions and treatment of the infection of 
the upper respiratory tract, gradual improvement was noted. The level of total 
serum protein remained alarmingly low, below 3 Gm. per 100 ¢.c., for many months. 
Not until October, 1933, ten months after the boy was last given acacia, did 
the serum protein reach the level of 4 Gm. per 100 e.c. 

By Dee. 12, 1934, two and one-half years later, the patient was edema-free 
and had no symptoms. The liver was still enlarged so that it extended three finger- 
breadths below the costal margin. The serum protein was 5.3 Gm. per 100 e.¢., 
but the albumin fraction was only 1.8 Gm. per 100 c¢.c., and the globulin, 3.6 
Gm. per 100 e.c. The urine still contained a trace of albumin, but no casts or 
red blood cells. 

During the next few years, the child was brought to the hospital many times. 
Physical examination always revealed an enlarged liver, a questionable enlarge- 
ment of the heart, and varying degrees of edema. Acute upper resviratorv infec 
tions and pansinusitis were commonly present. These were treated in the otolaryngol- 
ogy department by various procedures, including tonsillectomy, adenoidectomy, and 
sinus washings. The blood pressure remained essentially normal throughout. There 
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was no acidosis at any time. Kidney function, urea clearance, and glucose tolerance 


tests revealed no significant abnormal findings. The red blood count remained 
about 4,000,000 throughout this course. 
During these various periods of observation, the boy received many blood trans- 


fusions, but at no time did his total serum protein reach a level higher than 5.86 


Gm. per 100 ec. The total serum protein varied from the lowest value of 3.2 
Gm. to the highest value of 5.86 Gm. per 100 ¢.c. The serum albumin levels varied 


from a of 0.38 Gm. to a maximum of 3.3 Gm. per 100 c¢.c., and the 


globulin varied from 1.7 Gm, to 3.25 Gm. per 100 e.c. 


minimum 


serum Except for a few 


TABLE I 












































seis SERUM SERUM SERUM | CHOLES- | 
DATE OF = wel | ALBUMIN | GLOBULIN pannel TEROL WEIGHT . 
OBSERVATION PROTEIN | (@M./100} (GM./100 GEN (MG./100 (POUNDS ) EDEMA 
(G@M./160 ‘ } pa (GM./100 ° 
mae C.) c.C.) cc.) c.c.) 
6/13/32 \ = a , a oe ee a + 
10/26/32 1.35 75 60 
1Z/ 6/32 118.5 
1/22/33 2.6 | 47% 
2/23/33 2.6 400 43 } 
6/ 5/33 2.4 307 56 + 
6/12/33 2.7 214 50 
1O/ 2/33 “a } 320 50 + 
2/ 3/34 5.0 a i @ | s 296 55 + 
j 4 3.62 | 571 59% + 
34 £86 1.94 | 292 | 400 55 
34 5.17 1.5 3.24 43 625 57 ~ 
34 5.34 175 | 3. 351 56% + 
35 5.6 2.8 | 28 151 60% - 
5 3.2 mh) 2.6 | S00 73 + 
5 1.6 2.3 23 | 58 
5 $2 | 05 31 | 3S 638 81 5 
5 3.9 0.9 | 3.0 800 57 
5 5.86 | 2.83 | 3.03 40 61% + 
37 $2 | 15 | 2.0 6 667 17% ; 
37 4.7 Ss foe F 2 68% 
37 4.75 1.99 1.95 | 1 204 | 
37 5.7 3.3 1.7 BR 500 65% 
7 39 | o9 | 26 4 570 71% + 
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37 is | 22 f 2 6 800 
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5/19/38 a6] 3 «|: «C8 12 930 79% + 
6/ 4/38 54 | 10 | 3.25 1.15 657 67 
i/ 4/38 4.1 3S 2.0 1.3 520 S4 + 
oceasions, the cholesterol value remained high throughout this course, the highest 


value being 930 mg., and the lowest value being 118 mg., per 100 ¢.c., immediately 


following acacia administration. 
dition to the transfusions, the boy at various times received 50 per cent solutions 


Laboratory data are shown in Table I. 


In 


ad- 


of sucrose intravenously, and ammonium chloride, thyroid, theocine, liver extract, 
His diet averaged from 5.5 to 5.8 Gm. of protein for each 


and digitalis by mouth. 


kilogram of body weight; varying restrictions were placed upon the amount of 


salt added to the 


food. 


The longest single period wherein the boy remained free 





from disturbing symptoms was from November, 1935, to February, 1937, a period 


of fourteen months. In February, 1937, the child was again edematous. The 
total plasma protein was 4.2 Gm. per 100 c¢.c., but the albumin fraction was only 


1.5 Gm. per 100 e.ec. By May, 1937, however, the plasma albumin had increased to 3.3 


Gm. per 100 ¢.e., the highest value ever noted for his blood. 
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In July, 1938, the boy was admitted in a premoribund state. At this time, he 
was severely edematous and had pulmonary congestion. Therapy was of no avail. 
He died about thirty-six hours after admission, with cardiac and respiratory failure. 
A post-mortem examination was carried out, and the following anatomic diagnoses 
were made: subacute glomerular nephritis with nephrosis, generalized anasarea, 
pneumococcic peritonitis, pneumococcic empyema, right, atelectasis of lower lobe 
of the right lung, acacia deposits in the liver (microscopic), aortic sclerosis with 
fatty deposits in intima, chololithiasis, acute pancreatitis secondary to peritonitis, 
septic spleen, and left-sided bronchopneumonia, The peritoneal fluid contained 169 
mg. of protein and a trace of cholesterol in each 100 e¢.c. 

The acacia deposits amounted to 50.3 Gm, in the liver, 2.85 Gm. in the spleen, 
and 0.07 Gm. in the left kidney, making a total of 53.2 Gm. in the three organs. 
This represents 7.55 per cent of the total 705 Gm, which was administered in 1932. 


This report proves that considerable amounts of acacia remain de- 
posited in the parenchymatous tissues of the body for years after its 
intravenous administration. Of the total amount administered, 7.1 per 
cent was recovered from the liver, 0.4 per cent from the spleen, and 
0.05 per cent from one kidney six years after administration. During 
these six years, the child was unable to increase the serum protein to the 
normal level, despite the fact that, for one period of fourteen months, 
he remained essentially free from serious recurrences of the nephrosis. 

It is our belief that the ultimate recovery of the nephrotie patient is 
dependent upon his ability to restore his level of serum protein to nor- 
mal. The acacia seems to hinder protein synthesis. The interference 
with the serum protein metabolism lasting over a considerable period of 
time greatly overweighs the transitory benefit resulting from the intra- 
venous use of large doses of acacia. The lowering of the cholesterol 
value, often used as a favorable prognostic index, is to a great extent 
an artifact when it occurs after acacia administration. 

The fatal course of the disease in this patient may not have a direct 
relationship to the acacia therapy, but the acacia deposited in the liver 
may well have interfered with serum protein regeneration. 
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SYNTHESIZED, PROCESSED, AND NATURAL SOURCES OF 
VITAMIN C IN THE MINERAL METABOLISM 
OF NORMAL CHILDREN 


Marion L. Sueruerp, Icte G. Macy, Pu.D., HELEN A. Hunscuer, Pu.D., 
AND FRANCES Cope HUMMEL 


WITH THE ASSISTANCE OF MARY BATES OLSON, PRISCILLA BONNER, JAMES 
HORTON, A. THERESA JOHNSTON, AND LOUISE EMERSON 
Derrorr, Micu. 


HE fact that certain fruits have specific nutritive advantages in a 
general mixed diet has placed them in the eategory of the so- 
called ‘‘protective foods.’"" Oranges have been shown to possess 
nutrients which are essential for healthful growth of infants and chil- 
dren®* and to stimulate a favorable metabolic response.* * Because of 
these and other characteristics of fruits, Sherman® has cogently stated : 


‘It is high time for students of food and nutrition to teach 
confidently that the purchase of fruit is no longer to be re- 
garded as a luxury. It is an investment in health or in higher 
health. True, there are some fruits whose acids still require 
investigation; but many fruits, including apples, bananas, 
cantaloupe, grapefruit, lemons, oranges, peaches, pears, we may 
feel confident that even in liberal quantities their organic 
acids will be well burned in the body and that the eating of 
more of such fruits will contribute to our nutritional health in 


, 


several ways.’ 


What are the constituents of the orange which give it its nutritive 
value over and beyond its vitamin content? And, do these constituents 
change the course of nitrogen and mineral metabolism to effect the 
nutritive advantages? Credit has been given to the alkaline-ash value 
of the orange, which provides a substantial excess of positive minerals, 
for increased growth of infants® * and children,**® and, thereby, ac- 
cording to some investigators, augmenting caleium metabolism® and 
contributing to the neutralization of the dietary acid residues from 
meats and cereals by increasing the pH and the organie acids of the 
urine and diminishing the ammonia.*" Others have attributed the 
nutritional advantages of oranges to an inereased intake of citric 
acid, which seems to have nutritional and metabolie significance, ae- 
cording to recent studies ;''* to a stimulation of gastric flow, thereby 
inereasing the bactericidal power of the stomach, and to its buffer 
value ;'* * to its content of vitamin C, necessary for development of 


From the Research Laboratory of the Children's Fund of Michigan in cooperation 
with The Methodist Children’s Village, Detroit. 
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sound teeth and their resistance to decay ;'* ™ to inereased nitrogen 
utilization ;'* '® and to inereased mineral utilization in scorbutie individ- 
uals.*°-*?, On the other hand, Rose and Borgeson®* observed that sixty 
children between the ages of 1 and 6 years who were maintained on a 
low cost diet for twenty-one months showed no difference in growth, 
general health, hemoglobin, and red cell counts when the diet was 
supplemented with orange. 

The present investigation deals with the chemical growth and nutri- 
tion of normal children as affected by supplementing their adequate 
daily mixed diet containing 50 ¢.c. of an orange-lemon preparation 
with 20 mg. of asecorbie acid and by substituting the same amount of 
fresh orange juice for the orange-lemon preparation. The effects of the 
diet alterations have been sought in the subjects’ retentions of nitrogen 
and positive (calcium, magnesium, sodium and potassium) and neg- 
ative (phosphorus, chlorine, sulfur) minerals, and other physiologic 
reactions. 

EXPERIMENTAL DATA 


Six children, from 5 to 8 years of age (two girls, four boys), who 
were among the subjects of extensive investigations of growth, pro- 
vided the material for this study.* They lived together in a home 
unit in the Methodist Children’s Village in Detroit; these children 
were given every opportunity for unhampered social and physical 
development. They attended school in the Village and played out- 
doors during the daylight hours whenever the weather permitted. 
Two housemothers administered to their emotional needs and managed 
the children; three young women trained in nutrition and dietetics 
quantitatively prepared and served the food and collected all metabolic 
specimens. The food and metabolic specimens were chemically an- 
alyzed in the Research Laboratory of the Children’s Fund of Michi- 
gan.t 

The children’s diets were composed of twenty-one common foodst 
known to be good for children, and the quantities were adjusted to 
meet the requirements of the individual person’s age, size, and ac- 
tivity. Previous to initiation of the metaboli¢ investigation, well- 
filled calcium stores for all the children were assured by a prefeeding 

*The complete investigation of The Chemistry of Growth and Nutrition in Childhood 
will be published in monograph form and will consider the results obtained from 598 
five-day metabolic balances and many additional related clinical and chemical observa- 
tions upon normal children. Space does not permit details of the metabolic procedures 
and chemical methods, but these may be obtained from the authors prior to release of 
the monograph. Dr. Marsh W. Poole kindly gave pediatric service for the children. 

+The difficulties inherent in obtaining accurate analytic values for minerals lost 
through the skin preclude determination of this factor coincident with observations of 
normal growing children under near-natural conditions. While retentions calculated 
from chemical analyses of intake, urine, and feces include skin excretion, which 
primarily contains sodium, potassium, and chlorine, the controlled conditions of investi- 
gation would produce a consistent infiuence from this factor, greatly reduced by the 
fact that the studies were carried on during the time from October through February. 

tThe mixed diet contained the following foods: apple, banana, lean beef, white and 
whole-wheat bread, shredded wheat, cabbage, carrots, American cheese, eggs, lettuce, 


milk, orange juice, peanut butter, potato, spinach, tomato juice, graham crackers, 
butter, sugar, and salt. Distilled water was used for cooking and drinking. 
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period of three months in which the children received at least one 
quart of milk per day and generous amounts of summer sunshine. To 
further reduce the number of variables, the subjects were observed 
continuously throughout two test periods, each fifteen to forty suc- 
cessive days, for each dietary change. Four children who were re- 
ceiving 50 ¢.c. orange-lemon juice preparation* per day during a 
pre-experimental period were given a daily supplement of 20 mg. of 
ascorbie acid during a period immediately following. Four children 
were studied while 50 e¢.c. orange-lemon juice preparation was in- 
eluded in the daily diet and again when the same amount of fresh 
orange juice was substituted for the prepared mixture. The mixed 
diets provided acceptable quantities of known vitamins for all body 
processes, for, with the diets caleulated according to the food type 
group values presented by Munsell," the subjects daily received from 
4,800 to 5,000 International Units of vitamin A, from 280 to 400 LU. 
of vitamin B,, from 1,700 to 2,000 I.U. of vitamin C (exclusive of the 
20 mg. aseorbie acid added during one study period), and from 600 to 
850 I.U. of vitamin G. Although the vitamin D contents of the diets 
cannot be ecaleulated, the children were well standardized upon ade- 
quate diets, received supplementary amounts of vitamin D from ir- 
radiated milk, ranging from 90 to 180 I1.U. per day, and they played 
in the open country where sunshine was available in generous 
amounts. 

Table I presents the nitrogen and positive and negative mineral 
retentions, together with the age, size, calorie intake, and laxation 
rate (number of defeeations daily). Each child grew during all 
periods of observation; this was demonstrated by the retention of 
nitrogen and total mineral ions. When the pre-experimental diet was 
supplemented with 20 mg. of ascorbic acid per day, there were de- 
creased intakes of ealories, nitrogen, and excess positive minerals 


*The orange and lemon juice preparation used was employed in an effort to obtain 
a standardized and more stable product than orange juice which would provide the 
same quantities of vitamin C—a very desirable accomplishment in metabolic work since 
the composition of foods is highly variable and oranges are no exception to the rule, 
even though the fruit is encased in a heavy protective rind. Many investigators had 
demonstrated the inherent variability in the vitamin C content of the fruit and the 
losses of the vitamin consequent to juicing, straining, heating, and exposure to the air. 
Bacharach, Cook, and Smith™ showed that the range of concentration of ascorbic acid 
per cubic centimeter of juice of thirty-nine oranges was from 6.22 to 0.89 mg., with 
an average of 0.51 mg. Similar observations have been made in this laboratory on 
fresh fruit from the market and in sampling individual fruits in carload lots. During 
a study with infants,” it was found that even iron utensils, such as squeezers and 
strainers (iron acting as a catalyst in oxidation), reduced the vitamin C content of 
the juice, in some cases by 50 per cent (unpublished data). For this reason, the fresh 
orange juice was expressed with glass squeezers and strained through cheese cloth. 
The juice was extracted in quantities sufficient for a five-day period and placed in 
bottles containing one day's supply for one child, to avoid exposure to air. Kept in a 
refrigerator at low temperatures, the juice showed no loss from storage when tested for 
vitamin C. 

Although the vitamin C content was lowered in the juice preparation used in this 
study, it retained its aroma and flavor, could not be differentiated by taste or ap- 
pearance from fresh orange juice, and its vitamin C content was much more constant 
than in the fruit on the general market. The mixture contained some sugar which per- 
haps was responsible for some of the loss of vitamin C,* and citric acid, which con- 
tributed to the flavor and was thought to have some nutritive effect, also may have 
contributed to the reduction. Although the preparation contained 22.6 mg. and the 
fresh orange juice 52.7 mg. ascorbic acid per 100 c.c., in the amounts given (50 c.c.) 
the difference was 15 meg. per day. 
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(alkaline-ash value) per kilogram of body weight, and the laxation 
rates of all four children were slower. On a unit weight basis, three 
of the children, who were storing an excess of anions during the pre- 
experimental period, decreased their daily storage of total minerals 
but retained larger amounts of cations in relation to anions in re- 
sponse to the ascorbic acid; two of the children (F. C. and H. H.) 
changed in retentions to an excess of cations. The other child’s 
(B. M.) retention of total minerals was larger during the period of 
augmented ascorbie acid intake, and she continued to store the same 
excess of cations. The metabolic readjustment in response to the 
additional vitamin C is demonstrated by the excess ions excreted in 
the urine and feces. The three children who retained an excess of 
anions during the pre-experimental period were excreting an excess 
of cations in their urine. When the additional vitamin C was avail- 
able, their urines contained an excess of anions and their retentions 
tended toward the normal growth situation,?® an excess retention of 
‘ations, although one child (P.W.) continued to retain an excess of 
anions, accompanied by greater fecal excretion of positive minerals 
and inereased nitrogen retention. While no subject’s intake of nitro- 
gen per unit weight was raised, one child (IF. C.) inereased his daily 
nitrogen retention (from 18 to 21 mg. per kilogram of body weight) 
with the administration of the aseorbie acid supplement; two others 
reduced their retentions (B. M., 26 to 21, and H. H., 20 to 16 mg. per 
kilogram, respectively). However, these latter changes are scarcely 
significant because the vitamin C changes in intake were small and 
the diets at no time were deficient in this essential vitamin; on the 
contrary, it was given in fairly generous amounts in the mixed diets 
containing fresh fruits and vegetables. 

On a unit weight basis there were lower mean energy (88 to 87 Cal.) 
and nitrogen (480 to 462) intakes when fresh orange juice was sub- 
stituted for the orange-lemon preparation, but higher alkaline-ash 
values for the complete diet (0.85 to 1.09 meq.). Despite the decreased 
intakes, the fresh orange juice demonstrated significant nutritive ad- 
vantages in greater average daily retentions of nitrogen, total min- 
erals, total cations, and excess cations. Upon applying the analysis 
of variance method,”’ in which individual variations, as well as varia- 
tions due to changes in diet, are considered, the means of the reten- 
tions of nitrogen, total cations, and excess cations during the periods 
of fresh orange juice consumption were significantly different from 
those during the time that the orange-lemon preparation was given. 

Table II demonstrates the metabolie changes which took place in the 
utilization of the individual mineral elements during the 415 experi- 
mental days of the investigations. Since the nutritional state of the 
subjects, the environment, and the procedures were highly stand- 
ardized and the responses to the dietary changes were, for the most 
part, in the same direction, the results have been averaged on a unit 
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TABLE II 


Averace DatLy BALANCES OF INDIVIDUAL POSITIVE AND NEGATIVE MINERALS 
PER KiLOGRAM OF Bopy WEIGHT* 
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Positive Minerals 














Calcium | 
Pre-experimental 37.2 3.5 9.4 | 28.5 | 76.6 5.2 14.0 
Ascorbic acid added 36.6 3.4 9.3 | 26.1 | 71.3 7.1 19.4 
Orange-lemon preparation 41.2 | 3.6 8.7 | 32.6 | 79.1 5.0 12.2 
Fresh orange juice 40.9 3.2 7.8 | 314 | 76.8 6.3 15.4 
Vaqgnesium 
Pre-experimental 14.1 4.6 8.6 | 61.0 0.9 6. 
Ascorbie acid added 13.9 4.9 &.0 57.6 1.0 7.2 
Orange-lemon preparation 12.3 3.1 7.8 | 63.4 1.4 1.4 
Fresh orange juice 12.5 3.3 6.5 | 52.0 2.7 21.6 
Sodium 
Pre-experimental 101.6 | 93.6 | 92.1 1.8 1.8 6.2 6.1 
Asecorbie acid added | 99.4 94.2 94.8 1.3 1.3 3.9 3.9 
Orange-lemon preparation | 98.8 92.1 93.2 1.5 1.5 5.2 5.3 
Fresh orange juice 93.9 88.0 | 93.7 13 1.4 4.6 4.9 
Potassium 
Pre-experimental 136.0 |106.4 | 78.2 | 19.4 14.3 10.2 7.5 
Aseorbie acid added | 133.5 |108.5 81.3 16.8 12.6 8.2 6.1 
Orange-lemon preparation 115.2 | 91.1 | 79.1 | 16.6 | 14.4 7.5 6.5 
Fresh orange juice | 12 89.7 | 74.6 | 14.5] 12.0 | 16.1 13.4 





Minerals 





Phosphor us 























Pre-experimental 26.4 | 50.7 | 17.6 8.1 ' 15.5 
Aseorbie acid added 27.6 54.0 16.8 6.7 13.1 
Orange-lemon preparation 27. 51.5 | 19.8 6.5 12.2 
Fresh orange juice | §2.2 29.5 | 56.5 | 18.9 3.8 7.3 
Chlorine | 
Pre-experimental | 165.1 [147.9 | 89.6 2.9 1.8 14.3 8.7 
Ascorbic acid added | 161.5 |150.4 93.1 2.5 1.6 8.6 5.3 
Orange-lemon preparation | 154.9 |145.5 | 93.9 2.4 1.6 7.0 4.5 
Fresh orange juice | 147.8 |140.5 | 95.1 2.5 1.7 4.8 3.2 
—_ 
Sulfur 
Pre-experimental 33.0 | 27.1 82.1 3.7 11.2 2.2 6.7 
Aseorbie acid added | 32.3 | 26.5 | 82.0 3.7 | 115 2.1 6.5 
Orange-lemon preparation 32.1 | 28.4 | 88.5 3.5 | 10.9 0.2 0.6 
Fresh orange juice 31.1 | 26.7 | 85.9 | 3.5 ] 11.2 09 | 2.9 





*The pre-experimental period includes 135 experimental days upon the four subjects 
who immediately afterward received a daily addition of 20 mg. ascorbic acid to their 
diets for a total (for the four) of 100 experimental days. Four children (two of 
whom participated in the investigation of ascorbic acid) received the orange-lemon 
preparation for 120 experimental days, and for a total of 60 experimental days an 
equivalent amount (50 ¢.c.) of fresh orange juice was substituted for the mixture. 
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weight basis. The mean intakes per kilogram of body weight of all 
the positive and negative mineral elements were lowered during the 
period of an added 20 mg. of ascorbie acid in the daily diet. Neverthe- 
less, an appreciable increase (5.2 to 7.1 mg.) in average retention of 
ealeium per kilogram of body weight occurred with the increased 
vitamin C intake, and magnesium storage was slightly greater (0.9 to 
1.0 mg.). On the other hand, the mean retentions of sodium, potas- 
sium, phosphorus, and chlorine per unit weight decreased 2.3, 2.0, 1.4, 
and 5.7 mg. per day, respectively, and sulfur decreased from 2.2 to 
2.1 mg. per day. 

When 50 ¢.c. freshly prepared orange juice was substituted for the 
same quantity of orange-lemon preparation in the daily diets of four 
children, the daily intakes per kilogram of body weight were lowered 
for calcium (41.2 to 40.9 mg.), sodium (98.8 to 93.9 mg.), phosphorus 
(53.2 to 52.2 mg.), chlorine (154.9 to 147.8 mg.), and sulfur (32.1 to 
31.1 mg.). During the fresh orange juice period, daily retentions per 
kilogram of body weight were increased from 5.0 to 6.3 mg. caleium, 
1.4 to 2.7 mg. magnesium, and 0.2 to 0.9 mg. sulfur, results which 
corroborate those of Chaney and Blunt,® but are in contradiction to 
those of Daniels and Everson."® The daily potassium intake per kilo- 
gram was inereased (115.2 to 120.3 mg.) by the fresh juice, but the 
per cent utilization doubled, the retentions increasing from 7.5 to 
16.1 mg. per kilogram of body weight. The lowered intakes of sodium, 
phosphorus, and chlorine were accompanied by decreased daily re- 
tentions per kilogram of body weight, from 5.2 to 4.6 mg. sodium 
6.5 to 3.8 mg. phosphorus, 7.0 to 4.8 mg. of chlorine. It is demon. 
strated that the individual minerals behave differently in their meta- 
bolic activity. Although there was little difference on a unit weight 
basis between the average daily intakes of positive minerals (Table 1) 
during ingestion of the orange-lemon preparation and fresh orange 
juice (10.3 to 10.2 meq., respectively), the average retention increased 
from 0.8 to 1.1 meq., raising the per cent utilization of the intakes 
from an average of 7.6 to 11.1. The daily intake of total negative 
minerals per kilogram of body weight (Table 1) was reduced by the 
substitution of fresh orange juice (9.5 to 9.1 meq.) and the average 
retention was lowered (0.6 to 0.4), so that a decrease occurred in the 
per cent of intake utilized. 

The metabolic adjustments taking place in response to the dietary 
changes are further shown in the excretion of mineral ions in urine 
and feces (Table Il). With the additional ascorbie acid, ealeium 
excretion dropped in both urine and feces to produce a greater aver- 
age retention from the smaller intake. Excretion of magnesium was 
slightly higher in the urine, but in the feces it was lowered sufficiently 
to offset both the increased excretion in urine and the reduced in- 
take, producing a higher retention. The decreased retentions per unit 
weight of sodium, potassium, phosphorus, and chlorine were produced 
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similarly; intakes were lowered, urine excretion was increased, and 
fecal excretion was decreased. The slightly reduced sulfur retention 
during the period of additional aseorbie acid apparently resulted from 
the lower intake per kilogram, for the variations in per cent intakes 
excreted in urine and feces were not significant, and the actual urine 
outgo was lessened. ; 

Calcium excretion per kilogram of body weight dropped in both 
urine (3.6 to 3.2 mg.) and feces (32.6 to 31.4 mg.) under the influence 
of fresh orange juice; magnesium excretion was little changed in the 
urine (3.1 to 3.3 mg.), but was conserved by lowered output in feces; 
sodium excretion decreased in the urine (92.1 to 88.0 mg.), its major 
path of excretion, and in the feces (1.5 to 1.4 mg.) ; potassium elimina- 
tion was also reduced in the urine (91.1 to 89.7 mg.) and feces (16.6 to 
14.5 mg.). The elimination of phosphorus in urine during ingestion 
of the orange-lemon preparation (27.4 mg. per kilogram) was raised 
to 29.5 mg. per kilogram in the fresh orange juice determinations, 
changing from 51.5 to 56.5 per cent of intake and causing a smaller 
average retention since feeal excretion of phosphorus did not vary 
significantly. Chlorine metabolism conformed with that of the sodium, 
and the sulfur data varied only slightly. The means of the ion bal- 
ances in the excreta (Table I) demonstrate that the substitution of 
fresh orange juice for the orange-lemon mixture resulted in a greater 
excretion of anions in the urine (0.70 to 0.78 meq.) and a reduction 
of eations in the feces (1.35 to 1.14 meq.) when considered on a unit 
weight basis. The laxation rate was not significantly changed during 
the two periods and does not account for the metabolie shifts that 
took place. 

Viewing the various metabolic changes that oceurred when 20 mg. 
of aseorbie acid was added to the daily diet and when 50 grams of 
freshly prepared orange juice was substituted for a like quantity of an 
orange-lemon preparation, it is evident that a different type of chem- 
ical growth occurred with each dietary regimen. Although there were 
differences in intensity of response among the highly standardized 
ehildren, the .trend of change was in the same direction for each 
dietary alteration and was consistent for the persons comprising 
each group. For these reasons consideration may be given to the 
group responses, demonstrating the metabolic influence of the orange- 
lemon preparation, with its lower, but more constant, vitamin C eon- 
tent, a supplement of 20 mg. ascorbic acid per child per day, and the 
replacement of the orange-lemon mixture with fresh orange juice. 

Growth of both soft and hard tissues of each subject took place 
during all of the periods of observation; nitrogen and positive and 
negative minerals were retained. The addition of 20 mg. ascorbic 
acid to each child’s mixed diet was accompanied by a reduction in 
mean retention of total minerals per kilogram of body weight, but 
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the average retentions of caleium and magnesium were increased and 
all subjects retained greater amounts of cations in-relation to anions. 
Changes in nitrogen retentions were not eonclusive. The trends of 
excretion and retention of the positive and negative minerals in- 
dieate that the additional vitamin C did permit the bodies of these 
well-nourished children to establish an inereased rate of skeletal 
formation. This fact is further verified by the increase in the average 
ealeium to phosphorus ratio from 0.64 to 1.06. 

Substitution of an equivalent amount of fresh orange juice for the 
orange-lemon preparation improved the nitrogen and mineral metabo- 
lism of all the subjects, to a greater extent (on a unit weight basis), 
in general, than the addition of the aseorbie acid. Since the sub- 
stitution of the fresh orange juice increased the total daily vita- 
min C intakes by an amount equivalent to 15 mg. ascorbie acid, 
its beneficial effect over and above that of the preparation, even with 
the added 20 mg. of ascorbic acid, hardly ean be attributed to vitamin 
C alone. The increased intake of vitamin C with the substitution of 
fresh orange juice was no doubt responsible for the stimulation of 





hard tissue construction, but soft tissue synthesis was also accelerated, 
indicated by increased nitrogen retentions per kilogram for each 
child, a contrast to the response to purified vitamin C. The inerease 
in soft tissue formation during the period of ingesting fresh orange 
juice is further shown in the inereased ratio between nitrogen and 
phosphorus (1.54 to 6.84) in the retentions. The stimulated growth 
of hard tissues was indicated by augmented retentions of excess 
eations and by a doubled caleium-phosphorus ratio (0.77 to 1.66). 
While the vitamin C contents of the diets ranged from 85 to 115 mg. 
per day, caleulated upon the food group data given by Munsell,”* 
the ascorbie acid intakes, caleulated with the analytical values of 
Everson and Daniels,’* averaged 5.3, 5.8, 7.0, and 7.8 mg. per kilo- 
gram of body weight per day for the orange-lemon preparation, fresh 
orange juice, pre-experimental period, and ascorbie acid period, re- 
spectively. Disregarding individuals, these authors found the ‘‘ physi- 


, 


ologie optimum’’ intake of aseorbie acid to be from 6.0 to 7.5 mg. 
per kilogram per day from the thirty-six five-day balances presented. 
The average ascorbie acid intakes per kilogram for their three ex- 
perimental subjects during twelve balance periods for each child 
within four and one-half months were 5.6, 5.9, and 6.6 mg. per 
kilogram, and the retentions 2.8, 2.9, and 3.4 mg., respectively. The 
subjects of the present study were older than those studied by Ever- 
son and Daniels and were receiving an average amount of ascorbic 
acid comparable to that found by those authors to be the ‘‘ physiologic 
optimum’’ during the pre-experimental period (7.0 mg. per kilogram 
daily). When 20 mg. of ascorbic acid was added to the daily diets, 
the average intake per kilogram was increased to 7.8 mg.; calcium 
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retention was increased, as was storage of cations in relation to anions, 
although the total amount of positive and negative minerals retained 
was reduced. The diets during administration of fresh orange juice 
provided an average of only 5.8 mg. of ascorbie acid per kilogram 
of body weight, yet the superior nutritive advantage of the fresh 
fruit was demonstrated, strengthening the belief that factors in ad- 


dition to vitamin C were responsible. 
COMMENT 


The effectiveness of fresh orange juice over the orange-lemon prepa- 
ration and the greater nutritive advantage of the fresh juice over a 
vitamin C supplement may reside in a number of factors. Diets with 
a potentially alkaline ash have been shown to improve the nitrogen 
retentions of children*’ *' and dogs,** and vitamin C has been shown 
to be related to nitrogen retention.’® '?" Moreover, fresh orange 
juice may stimulate a greater gastrie flow and, by means of its in- 
herent buffer value, regulate the hydrogen ion concentration in the 
stomach in such a manner as to increase both digestion and absorption 
of ealcium.'* © It is significant that the calcium retention of children 
in this study was improved by the administration of additional as- 
corbie acid or by the inelusion of fresh orange juice, both producing 
a more efficient assimilation of the calcium contained in the diet, a 
fact which has recently been corroborated by Lanford® on rats. 
While additional vitamin C (in synthetie form or in fruit juice) may 
produce more efficient calcium utilization, the superior nutritive ad- 
vantage of the fresh orange over the pure ascorbie acid strongly in- 
dieates that some other principle is present in the fresh juice and 
supports the same conclusions by other investigators.** ** Nor may 
the attributes of the fresh fruit juice as a growth stimulant and 
nutritional stabilizer readily be credited to citric acid, for the orange- 
lemon juice preparation used contained juice partially dehydrated in 
vacuo and ineluded an added 0.75 Gm. of ecitrie acid in 50 Gm. of 
mixture. 

The purposes of these studies were manifold: to find a citrus prod- 
uct which would be stable and provide a more constant, even though 
smaller, quantity of vitamin C than fresh oranges, which are known 
to vary widely in original composition and whose juice has been 
shown to be reduced in aseorbie acid content by as much as half from 
the processes of squeezing and straining in which exposure to air and 
contact with iron utensils (iron acting as a catalyst) permit oxida- 
tion; to ascertain the effect of an additional quantity of ascorbie acid 
in diets which were adequate according to accepted standards and 
were given to normal growing children; and to obtain an estimate 
of the relative nutritional values of aseorbie acid and fresh orange 
juice in the diets of healthy growing children. Since in none of the 

















SHEPHERD ET AL.: VITAMIN C IN MINERAL METABOLISM 715 


studies were the mixed diets deficient in vitamin C, gross metabolic 
changes could not be expected from substitution of 50 ¢.c. of fresh 
juice for the same amount of the orange-lemon preparation, or even 
from the addition of 20 mg. ascorbie acid per day to each child’s diet. 
In a study of 427 infants during their first year of life,?° an average 
intake of approximately 10 mg. of ascorbic acid per day was in- 
dicated as the minimum intake of vitamin C necessary to prevent 
minute signs of subelinical seurvy up to the age of 1 year. During 
the study of the infants, the vitamin C was supplied by a lemon juice 
powder which, because of its citric acid content, served to acidify 
the milk formula. To throw some light upon the possible value of 
citrie acid in acidified formulas sometimes substituted for fresh fruit 
juice in pediatrie practice, approximately 1.5 Gm. of citrie acid were 
included in each 100 Gm. of the orange-lemon preparation. When the 
vitamin C eontents of the diets were ecaleulated, using the values pre- 
sented by Everson and Daniels, the changes in average ascorbie acid 
intakes per kilogram of body weight were 0.5 mg. (5.3 to 5.8) for 
the substitution of fresh orange juice for the orange-lemon mixture, 
and 0.8 mg. (7.0 to 7.8) for the addition of the 20 mg. ascorbie acid in 
each child’s daily diet. The levels of vitamin C intake from the fresh 
orange juice investigation are lower than those considered optimum 
by Everson and Daniels, and those of the ascorbie acid supplement in- 
vestigation fall within the range they indicated as the ‘‘physiologic 
optimum” by their data. Yet the results of the present studies showed 
that the retention of nitrogen and minerals by the children was quite 
generally improved by substitution of fresh orange juice for the orange- 
lemon mixture, although the intake of vitamin C was raised only slightly 
and remained at a low level in comparison with the ascorbie acid in- 
vestigation. When 20 mg. of the synthetic vitamin C (ascorbie acid) was 
added to diets which contained the same source (orange-lemon mixture ) 
of vitamin C as the control diets for the fresh orange juice investigation 
and which already provided a higher average vitamin C intake, only 
calcium retention was significantly improved, and, although greater rela- 
tive storage of cations to anions occurred, the total amount of positive 
and negative minerals stored was reduced 
The observations recorded in this paper emphasize the necessity of 
more extensive studies on the nutritional significance of fruit juices and 
comparable products in the diets of children before the vitamin C re- 
quirement for growth can be established in order to differentiate between 
nutrient principles in fresh orange juice and treated or prepared 
products, or even, prudently, to advise which is the best of these eon- 
trolling food principles, especially in infaney when growth is most rapid 
and the number of different foods which may be included in the diet 
so limited. 
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A SURVEY OF THE STATE OF NUTRITION WITH RESPECT TO 
VITAMIN C IN A SOUTHERN PEDIATRIC CLINIC 


A. S. Minot, Pu.D., KATHARINE Dopp, M.D., MarGarer KELLER, A.B., 
AND HELEN FRANK, A.B. 
NASHVILLE, TENN. 


INTRODUCTION 


MONG the patients attending the pediatric clinie at Vanderbilt 
Hospital, malnutrition due to economic factors or to ignorance 
or to both is so common that nutritional studies oceupy a prominent 
place in our clinical investigations. From the general appearance of 
many of our patients and from their dietary histories, there ean be no 
doubt that numerous dietary deficiencies exist. Yet only from scientific 
studies can we do more than speculate as to the nature of the nutritional 
lack or recommend the most practical and economical means of correct- 
ing the deficiencies. In earlier studies’? we reported the prevalence 
of mild nutritional hypoproteinemia with occasional manifestations of 
outspoken nutritional edema, and we have stressed the clinical complica- 
tions which may arise from a poor state of protein nutrition. During 
the past year we have turned our attention to the state of nutrition with 
respect to vitamin C in the children of this locality. We see but little 
outspoken scurvy in our clinic, less, perhaps, than is reported in some 
other clinics dealing with patients of about the same economic standing. 
Is this because the usual local dietary, while often low in protein and 
deficient in calories, is nevertheless of a nature to furnish an adequate 
intake of vitamin C? Or are there many instances of moderate de- 
ficiency of vitamin C without clinical manifestations of seurvy, just as 
there were many instances of hypoproteinemia without edema? 

The present paper is a report of our survey which is based upon the 
determination of ascorbie acid in the blood serum of over 500 children 
who came to our clinic. Ineluded also is a brief discussion of the 
chemical properties of ascorbie acid and of the methed for its determina- 
tion. The practical difficulties encountered and the unavoidable limita- 
tions of accuracy which must be taken into account in evaluating a 
study of this kind are also considered. 


CHEMICAL PROPERTIES OF ASCORBIC ACID AND THE PRINCIPLES 
INVOLVED IN ITS DETERMINATION 
It is generally accepted that vitamin C is ascorbic acid.3.4,5 Hence, the 
amount of ascorbic acid in foods determines their antiscorbutie efficiency, and 
similarly the amount of this acid in the body is an index to the state of nutrition 
From the Department of Pediatrics, Vanderbilt University School of Medicine. 
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with respect to vitamin C. In simple aqueous solution, ascorbie acid is an ex- 
tremely unstable substance. It is readily oxidized merely on standing exposed 
to air at room temperature, first to dehydroascorbie acid and then promptly to 
further oxidation products. The oxidation proceeds more rapidly in neutral 
or alkaline solutions that in an acid medium and is greatly hastened by the 
catalytic effect of traces of copper.s.7.8 These chemical properties impose the 
necessity for precautions in handling ascorbie acid and, at the same time, offer a 
convenient chemical means for its estimation. All manipulations involved in the 
extraction and preparation of ascorbic acid in foods and biologie material for 
quantitative determination must be carried out under conditions which minimize 
the possibility of loss through oxidation. Numerous procedures have been sug- 
gested to attain this end, but by far the most satisfactory results have been ob- 
tained with the use of metaphosphorice acid. This acid has been shown®, 1°, 11 to 
hinder markedly both the spontaneous oxidation of ascorbie acid and the catalytic 
effect of copper in hastening this oxidation. At the same time, metaphosphoric 
acid is an excellent reagent for the removal of protein from biologie solutions. 
Thus, through the use of metaphosphorie acid, one can obtain a protein-free solu- 
tion containing the ascorbie acid extracted from the original material in a medium 
which will prevent loss through oxidation for a considerable period of time. 
Advantage is taken usually of the ready oxidizability of ascorbic acid for its 
quantitative measurement. Of course, a substance which is readily oxidized is an 
active reducing agent. Solutions of the dye 2-6 dichloroindophenol are readily 
reduced to form a colorless solution by ascorbic acid in acid solution at room 
temperature.!2, 18 Solutions of this dye, the strength of which has been standard- 
ized against an ascorbic acid solution of known concentration, are most commonly 
used for the titration of ascorbie acid in unknown solutions. When all the 
ascorbie acid originally present is in the unoxidized form, reliable results are ob- 
tained by this titration, provided no interfering substances are present which are 
also capable of reducing the dye.’4 In properly prepared filtrates from blood 
(see details of method below), the amount of nonascorbie reducing substance is 
very small and constant, and no correction for it is necessary. On the other hand, 
when ascorbic acid is determined in extracts of complex material, such as foods, 
feces, ete., a considerable percentage of the total reducing power may be due 
to substances other than ascorbie acid. In such instances, further steps must be 
taken to distinguish between ascorbic acid and other reducing substances.15, 16, 17 
Since only blood was studied in this survey, further details in regard to the cor- 


rection for interfering substances need not be considered here. 


CHOICE OF MATERIAL TO BE STUDIED FOR SURVEY AND THE CRITERIA 
ADOPTED FOR INTERPRETATION OF RESULTS 


What one really wants to know for an evaluation of the state of nutri- 
tion with respect to vitamin C is whether there is an adequate amount of 
ascorbie acid in the tissues, where it doubtless plays its indispensable 
role in normal biologie processes. Such information must obviously be 
gained by an indirect approach. Practically, we are limited to studies 
of the blood or urine. Experimental studies of various kinds have con- 
tributed information in regard to the correlation between the levels 
of ascorbie acid present in blood and urine and the probable status 
of vitamin C nutrition in the tissues. On an adequate or excessive in- 
take of vitamin C, the concentration of ascorbie acid in the body tissues 
and fluids soon reaches a saturation level, and any excess is promptly 
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excreted in the urine. Several investigators'*** have independently 


arrived at essentially the same figure—1.0 to 1.5 mg. per 100 ¢.c.—as 
the concentration reached in the blood before there is a rapid excretion 
of any additional ascorbie acid taken in the diet. This level then ap- 
pears to be the renal threshold for ascorbie acid, although, as is the 
case with many other so-called ‘‘threshold substances,’’ there is some 
slight exeretion below the threshold level. 

In view of these findings, the assumption appears justified that, 
when the concentration of ascorbie acid in the blood is above 1.0 mg. 
per 100 ¢.c., or when considerable amounts (over 20 mg.) of ascorbie 
acid are excreted in a daily urine, the person in question is receiving 
an adequate intake of vitamin C and his tissues contain an adequate 
amount of aseorbie acid. There is more uncertainty in the interpreta- 
tion of results which show a very low exeretion in the urine and a 
concentration considerably below the threshold level in the blood. 
These figures in themselves only justify the conclusion that the in- 
take of vitamin C is not as great as the person can take without 
rapid excretion in the urine. However, various experimental studies 
which have been reported indicate that a broader interpretation of 
simple data of this kind as a rough index of the degree of saturation 
in the tissues is justified. Following the administration of a rather 
large test dose of ascorbic acid (600 mg. to an adult) to a person 
whose tissues are well supplied with vitamin C, there is an abrupt 
temporary rise in asecorbie acid in the blood to above threshold level, 
and a considerable percentage of the dose is promptly exereted in the 
urine. On the other hand, in a person whose tissues are markedly 
deficient in vitamin C, the same test dose causes a much less marked 
rise in the blood and little or no excretion in the urine. Presumably, 
the unaccounted-for ascorbic acid is largely taken up by the tissues. 
A correlation of the results of such tests with the initial levels of 
ascorbic acid in the blood before the test dose had been given has been 
worked out by Goldsmith and Ellinger®? on twenty-five patients with 
widely varying initial levels of ascorbie acid. Consistently they found 
that persons with fasting levels of 0.7 mg. or more, per 100 ¢.c. showed 
a prompt rise in the level of ascorbic acid in the blood and an excretion 
of a considerable percentage of the dose in the urine. In other words, 
these persons gave evidence of being fairly well saturated with 
ascorbic acid. In patients with initial levels significantly below 0.7 mg. 
per 100 ¢.c. of blood, there was, in nearly every instance, evidence of 
some degree of unsaturation in that very little of the dose was excreted 
and there was only a moderate increase in the level in the blood. In 
the presence of grossly low initial values in the blood, in the order of 
0.1 mg. per 100 ¢.c¢., the test dose caused but little rise in the blood 
and no inerease in the urine, indicating that the tissues were markedly 
unsaturated and were picking up a large portion of the ingested 
vitamin. 














720 THE JOURNAL OF PEDIATRICS 


Our survey was planned, and the eriteria for the interpretation 
of the results obtained were adopted on the basis of the information 
just discussed. From patients of pediatric age blood samples can be 
obtained much more easily than twenty-four-hour samples of urine. 
Hence, we decided to study blood. Serum, rather than whole blood 
or plasma, was used largely as a matter of technical convenience in 
the elinie. Blood is drawn routinely for Wassermann tests on all new 
patients, and by simply increasing the size of the sample taken, enough 
serum was obtained for both the determination of vitamin C and for 
the serologic test. We have assumed that levels of 0.7 mg. or more of 
ascorbie acid per 100 ¢.c. of serum indicate a reasonably satisfactory 
state of nutrition with respect to vitamin C. Lower values from 0.3 to 
0.7 mg. per 100 e.c. have been interpreted as indicative of a moderate 
degree of deficiency. Values lower than 0.3 mg. per 100 ¢.c. are re- 
garded as evidence of a serious deficiency of vitamin C. 


METHOD FOR DETERMINATION OF ASCORBIC ACID IN SERUM 


The method used for the determination of ascorbic acid was essentially the macro- 
method described by Farmer and Abt.1!| The blood was drawn from patients as they 
came to our clinic, usually three or four hours after their morning meal. The serum 
was promptly removed from the clotted blood by centrifugalization. To one volume 
of serum two volumes of distilled water and two volumes of 5 per cent meta- 
phosphoric acid solution were immediately added. After vigorous shaking, the 
mixture was allowed to stand thirty minutes or lenger. In order to obtain as large 
a yield of filtrate as possible, the bulk of precipitated protein was usually removed 
by centrifugalization and the supernatant fluid filtered through a small filter. In 
this manner, sufficient filtrate for duplicate determinations can be obtained 
easily from 2 ¢.c. of serum. Aliquot portions of 2 ¢.c. of the protein-free filtrate 
were titrated against a white background with a 1:50 dilution of the stock 
solution (see below) of 2-6 dichloroindophenol added from a microburette. The 
first purplish pink color which persisted for as long as thirty seconds was taken 
as an end point. A correction for the titration blank was made in each case. This 
value was obtained by determining the amount of diluted dye required to produce 
the same end point when added to 2 e.c. of acidulated distilled water. 

The stock solution of the dye contained approximately 75 mg. of 2-6 dichloroindo- 
phenol dissolved in hot distilled water, filtered, and finally made to a volume of 100 
e.c. in a volumetric flask. The ascorbic acid factor for this solution of dye was 
determined by titrating a freshly prepared ascorbic acid solution of known strength. 
Usually, 1 ¢.c. of the stock solution was found to be equivalent to between 0.3 and 
0.4 mg. of ascorbic acid. For the titration of filtrates obtained from serum, a 1:50 
dilution of this stock solution was found most suitable. The stock solution has been 
found to remain unchanged for a week or more if kept in a cool dark place. Fresh 


1:50 dilutions were prepared for use each day, 
EXPERIMENTAL RESULTS 
When our survey was brought to a close we had obtained data on 
540 children. Seven of these results were discarded because the chil- 
dren were practically in a state of starvation due te some mechanical 
interference with the ingestion of food, and hence, were not desirable 
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subjects to include in a nutritional survey. The remaining 533 were 
divided into the following three main subdivisions: (a) 380 children 
with no serious complaint or disease; (b) 105 sick children without 
diarrhea; and (¢) 48 sick children with diarrhea as the chief com- 
plaint. The data obtained in these groups will be discussed under 
separate headings. 

Children With No Serious Disease—In this group are included well 
children who visited our clinie for routine examination or immunization, 
treated syphilities, children with inactive tuberculosis, and those with 
minor complaints which one would not expect to interfere in any way 
with the state of nutrition. None of them had fever. For the sake of 
brevity in subsequent discussion, this group will be referred to as ‘‘nor- 
mal.’’ In each case an attempt was made to get a dietary history, but 
in many instances the information obtained was fragmentary and in- 
accurate. 

Further subdivisions appeared desirable as we proceeded in the 
analysis of the data in the ‘‘normal’’ group. In this loeality, fresh 
vegetables become plentiful in gardens and much cheaper in the 
markets by about the first of June. This makes an adequate intake 
of vitamin C much more readily available during the summer than 
the winter and early months of spring. We, therefore, subdivided our 
results on the basis of the date on which the study was made. One 
group included observations made from February 1 to June 1, and the 
other group, those made from June 1 to October 1. Sinee one would 
expect that the ready availability of fresh fruit and vegetables would 
bring about much less change in the diet of very young children than 
it would in older persons, further subdivisions were made on the basis 
of age. 

According to this scheme, our 380 observations on normal children 
were distributed as follows: 

39 on children under 3 years from Feb. 1 to June 1 

47 on children under 3 years from June 1 to Oct. 1 

43 on children from 3 to 8 years from Feb. 1 to June 1 
77 on children from 3 to 8 years from June 1 to Oct. 1 
72 on children from 8 to 15 years from Feb. 1 to June 1 
102 on children from 8 to 15 years from June 1 to Oct. 1 


A summary of the ascorbie acid concentration found in the blood 
sera in these various subgroups is presented in Table I. 

Even a casual observation of the data obtained answers one question 
‘aised in our introductory discussion. There is considerable under- 
nutrition with respect to vitamin C among the elinie group in this 
locality. During the months in which fresh fruit and vegetables 
are searce, about 60 per cent of the children in all age groups had 
levels of ascorbic acid in the serum below the generally accepted 














JOURNAL PEDIATRICS 





THE OF 





TABLE I 


DISTRIBUTION OF AScoRBIC ACID VALUES IN ‘* NORMAL’’ CHILDREN 
ACCORDING TO AGE AND SEASON 


VALUES ABOVE | VALUES BELOW | VALUES BELOW 


AGI TOTAL 0.7 MG. PER | 0.7 MG. PER | 0.3 MG. PER 
GROUP DAT! Nt — | 100 c.c. 100 C.C. 100 c.c, 
YR. oo oa NUM-|  PER- NUM-|  PER- | NUM-|  PER- 
: BER | CENTAGE| BER | CENTAGE] BER | CENTAGE 
Under 3 | Feb. 1 to 39 14 36.0 — 25 | 64.0 i 17 | 43.5 
June | 
Under 3 | June 1 to 47 19 40.0 2°83 | 60.0 | 14 30.0 
Oct. 1 
3-8 Feb. 1 to 13 16 37.2 27 | 628 | 16 37.2 
June 1 | 
-8 June 1 to 77 10 52.0 37 48.0 7 9.1 
Oct. 1 | | | | 
8-15 Feb. 1 to 72 30 41.6 | 42] 584 | 22 | 305 
June 1 | 
8-15 June 1 to 102 65 63.7 37 | 36.3 12 11.7 
Oct. 1 


satisfactory level of 0.7 mg. per 100 ¢.e. About 30 or 40 per cent had 
levels below 0.3 mg. per 100 ¢.c., which are indicative of a serious lack 
of vitamin C in the dietary. During the summer months when fruit 
and vegetables are plentiful and cheap, there is an obvious shift in 
the distribution of ascorbie acid levels in the blood of older children. 
A considerably larger percentage reach a satisfactory level, while 
only about 10 per cent still give evidence of gross undernutrition with 
respect to vitamin C. The seasonal variation, however, is very slight 
in the group under 3 years of age, presumably because their dietary is 
changed much less. 

In order to demonstrate more conclusively that the observed seasonal 
variation in aseorbie acid levels in the serum was merely an expression 
of dietary changes in the group as a whole, we carried out more inten- 
sive studies on twenty-five persons in the ‘‘normal’’ group. The 
ascorbie acid concentration of the serum of these children was de- 
termined in the early months of the year and then again in midsum- 
mer. Besides this, the homes were visited, and the nature of the diet 
which was available, the eating habits of the child, ete., were all care- 
fully investigated. With an aceurate dietary history available, there 
was a close correlation between the levels of ascorbie acid found in 
the serum and the dietary intake regardless of the time of the year. 
Children whose diet had remained unchanged showed about the same 
levels in the serum on the two observations. In other instanees, when 
the family had a garden and a liberal supply of vegetables in contrast 
to a lack during the winter, there was a marked rise in the ascorbic 
acid content of the serum during the summer. In a few families, 
economie reverses had made the summer diet less complete than the 
winter one had been, and in these instances, a decrease rather than an 
increase was found in the midsummer determinations of ascorbie acid 
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as compared to the earlier observations. Space does not permit the 
presentation of the detailed information on all these twenty-five 
patients, but six typical cases are collected in Table IL in order to 


illustrate the points we have just brought out. 


Taste 1 = & 


CORRELATION OF DIETARY HISTORY WITH SEASONAL VARIATIONS IN 
AscorBic AciIp LEVEL OF SERUM 


MG. ASCORBIC ACID 
IN 100 C.c. SERUM 


NO. — . . : DIETARY HISTORY 
( YR.) BEFORE JULY 
JUNE 1 AUGUST 

] 1 O34 0.26 Condens mik todsula. No orange juice. Very 
little supplementary food, No change in diet 
between the two observations. 

5 6 0.33 0.31 rally im poor circumstances, Ate mostly dried 
leans, corn bread, and fat meat. Almost no 
vegetables, Diet unchanged between observa 
tions. 

3 4 0.76 0.96 tias a good diet with fresh fruits and vegetables 
daily, even in the winter. Diet not much dif 
ferent in summer, except vegetables ure more 
plentiful. 

4 be 0.09 1.01 uring the winter had beans, potatoes, bread and 
butter, with no vegetables. In the summer she 
had this diet plus plenty of vegetables from the 
garden. 

5) 4 0.36 1.11 Lived in country. In the winter had plenty to eat, 
but no fruit or vegetables. In the summer 
there was a liberal supply of vegetables from 
garden. 

6 3 0.78 0.31 During the winter the diet was fairly satisfactory. 
In the summer the father lost his job, and the 
family dietary was very much reduced. Had 


no garden and could buy no fruit or vegetables. 


SICK CHILDREN WITHOUT DIARRHEA 


Most of the patients in this group were hospitalized, and practically 
all had fever of 100° F. or more. The diseases represented were 
distributed roughly as follows: 

Diseases of the respiratory tract, including tuberculosis, 40 
Some phase of the rheumatie syndrome, 15 

Diseases of the urinary tract, 13 

Localized infections, 22 

Miscellaneous, 15 

These observations were made throughout the period from February 
to October, and the entire range of pediatric ages was included. Since 
there were many more instances of vitamin C deficiency in ‘‘normal’’ 
children under 3 years of age than in the older groups, it seemed de- 
sirable to subdivide the ‘‘sick’’ group on the basis of age before a com- 


parison was made of the data in the ‘‘sick’’ and ‘‘normal’’ groups. 
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There were forty-one ‘‘sick’’ children under 3 years of age, and sixty- 
four between 3 and 15 years. For ease in comparison, the data in 
‘*sick’’ and ‘‘well’’ groups are summarized in Table ITI. 

TaBLe IIT 


COMPARISON OF ASCORBIC ACID Vives IN ‘‘SicK’’ AND ‘‘ NORMAL’’ CHILDREN 


























: | VALUES ABOVE | VALUES BELOW | VALUES BELOW 
| 0.7 MG. PER 0.7 MG. PER 0.3 MG. PER 
100 c.c. 100 c.c. 100 c.c. 
wo | 
— = a ta 
GROUT! | oS g S g 
| a@< 2 = Py & = Z 
a> w Z a) Z w | 4 
}eee = - = ta = = 
|a2% 2 = 2 = a = 
iemol & | & _ 2 os z | B 
**Normal’’ children 86 | 33 | 38.4 53 |) «61.6 31 | 36.0 
under 3 years in all) | | 
seasons | 
**Sick’’ children under 3) 41 — a |! | 37 | 87.8 95 | 62.5 
years in all seasons 
, re) . . rw | a a _ a = rm Se ee 
‘* Normal children of 294 151 51.4 | 148 48.6 o7 | 19.4 
3-15 years in all sea | 
sons | | | 
ee | - a |——___ — 
** Sick’? children of 3-15 64 | 22 | 344] 42 | 656 | 20 | 312 


years in all seasons 


Many more of the ‘‘sick’’ than the ‘‘normal’’ children have frankly 
low levels of ascorbic acid in the serum. Again, the highest percentage 
of low values is found in the younger age group. It is difficult to know 
how much of the decrease from normal in a sick child should be ascribed 
merely to loss of appetite and limitation of diet and how much to in- 
creased needs imposed by the disease itself. From our small numbers 
of observation there was no evidence that any particular type of disease 
influenced the state of nutrition with respect to vitamin C to a greater 
or less extent than others. On the basis of the rough classification of 
diseases given above the distribution of ascorbie acid values found 
in each subgroup of diseases closely followed that of the ‘‘sick’’ group 
as a whole. Children with a previous history of an only fairly satisfae- 
tory or deficient diet all had low values of ascorbie acid in the serum 
when they were sick. Some were low despite what appeared to be a 
liberal intake of vitamin C as judged by the requirements of normal 
children. 

Our results showing a general trend to lower concentrations of aseorbie 
acid in the serum in the presence of disease are in accord with the re- 
ports of numerous other investigators.** ** *° Whatever factors may be 
responsible for this tendency, it is apparent that special efforts to con- 
tinue or to increase the intake of vitamin C are necessary if normal 
concentrations of ascorbic acid are to be maintained in sick children. 
Such measures appear to be an essential part of adequate supportive 
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treatment in any disease if ascorbie acid plays the indispensable role it 
is believed to play in normal biologie processes. 

Sick Children With Diarrhea as the Chief Complaint.—Since the 
ability both to take and to absorb food is more radically interfered with 
in sick children whose primary disturbance is in the gastrointestinal 
tract, we have collected our data on patients with diarrhea as a chief 
complaint in a separate group. There were forty-eight persons, includ- 
ing those with bacillary dysentery and those with severe nonspecific 
diarrheas. All except three were hospitalized, and all except four were 
under 3 years of age. The results obtained are summarized in Table 
IV. One is impressed with the large percentage of extremely low values 


TABLE IV 


DISTRIBUTION OF ASCORBIC ACID VALUES IN SERUM FouND IN Forty-Ei@ut 
CHILDREN WITH DIARRHEA 


PERCENTAGE 


NUMBER OF CHILDREN | ASCORBIC ACID VALUE IN SERUM 


8 16.5 Over 0.7 mg. per 100 c.c. 
40 83.5 Under 0.7 mg. per 100 e.e, 
31 61.5 Under 0.3 mg. per 100 e.¢. 
22 45.9 Under 0.2 mg. per 100 e¢.e. 
13 27.1 Under 0.1 mg. per 100 ec. 


indicating a serious deficiency of vitamin C in the majority of patients 
with diarrhea. Actually, however, the percentage of values under 0.3 
mg. of asecorbie acid per 100 ¢.¢. is essentially the same in sick children 
under 3 years of age, both with and without diarrhea. Failure to take 
food and poor absorption probably are more important factors in causing 
the low levels in the children with diarrhea. Chinn and Farmer" have 
recently reported an increase in the excretion of ascorbie acid in the 
stools in patients with enteritis. Work along this line is being undertaken 
here, both before and after the administration of large doses of ascorbic 
acid by mouth. At present we can only report that large daily oral 
doses, from 10 to 20 mg. per kilogram, of ascorbie acid for a period 
of one week or longer have frequently been found inadequate to restore 
or to maintain a satisfactory level of ascorbic acid in the serum of young 
children with severe diarrhea. The same doses usually suffice rather 
promptly to restore the level to values well above 1.0 mg. per 100 ¢.c. in 
normal children of similar age. Whatever the cause of the deficiency, 
it is again apparent that young sick children, either with or without 
diarrhea, are frequently subjected to a serious lack of vitamin C unless 
strenuous measures are taken to supply the extra amount required. 


GENERAL COMMENT 


When all is said and done, we are still left without any adequate ex- 
planation as to why we see so little clinical evidence of seurvy in a 
group of children among whom malnutrition and gross inadequacies of 


diet are so general. To be sure, our most frequent finding was an 
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ascorbie acid level in the serum indicative of a moderately low intake 
of vitamin C, rather than a necessarily serious deficiency. There were, 
however, large numbers of children with aseorbie acid levels so low as 
almost surely to be associated with a rather marked degree of deficiency 
of vitamin C in the tissues. Even when a careful study of roentgeno- 
grams was made, together with a search for any other clinical evidence 
of scurvy in children whose levels of ascorbic acid were known to run 
persistently below 0.2 mg. per 100 ¢.c. of serum, we failed in most in- 
stances to find characteristic evidence of the deficiency. It would be 
exceedingly difficult to estimate how much of the vague symptom ¢om- 
plex of lack of energy, lack of appetite, mental apathy, and generally 
retarded development so frequently seen in these children could be 
ascribed with justification to deficiency in vitamin C. Possibly the low 
caloric intake of many of our patients, with the resultant slow growth 
and development and tendency to inactivity, may influence the level of 
deficieney which must be reached before the generally recognized symp- 
toms of scurvy appear. In historic accounts of scurvy among sailors and 
explorers, mention is often made of the fact that the most serious 
manifestations of deficiency were seen in persons with tasks involving 
greater exposure and activity. It is possible also that a combination 
of deficiencies such as many of these children must have may lead to 
a suppression of so many bodily processes that symptoms fail to appear 
with a degree of deficiency of ascorbie acid which, by itself, would pro- 
duee evidence of seurvy. An analogy in support of this suggestion 
comes from studies of vitamin B.**?* It has been observed that, in a 
person deficient in numerous fractions of the B complex, the admin- 
istration of one fraction may bring out symptoms of acute lack of some 
other fraction which had been latent as long as the more complete lack 
of the whole complex persisted. Possibly we would see more out- 
spoken seurvy if the local dietary of our clinie group was improved 
in other respects, but with no increase in vitamin C. ITowever, a great 
deal more will have to be known about the interrelations of the actions 
of various food factors before any weight can be given to suggestions 
of this kind. 
SUMMARY AND CONCLUSIONS 

A survey of the aseorbie acid levels in the blood serum of over 500 
clinie patients of pediatric age living in the vieinity of Nashville, Tenn., 
has been made. 

Evidence was cited which appears to justify the following criteria 
for the evaluation of results: Values of 0.7 mg. and over per 100 e.c. 
of serum are indicative of a satisfactory state of nutrition with respect 
to vitamin C. Values of from 0.3 to 9.7 mg. per 100 e.e. indieate a 
restrieted intake, but may or may not be associated with any serious 
undersaturation of the tissues with asecorbie acid. Values under 0.3 mg. 
per 100 ¢.c. indicate a serious deficiency of vitamin C. 
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On the basis of these assumptions, our results indicate that approxi- 
mately 50 per cent of the children without significant diseases are in 
A greater 


an unsatisfactory state of nutrition with respect to vitamin C. 
percentage of ‘‘normal’’ children under 3 years of age have levels of 
ascorbie acid under 0.3 mg. per 100 ¢.e. than in the older groups. There 
is considerable seasonal variation. During the summer months when 
vegetables and fruit are cheap and plentiful, a considerably larger per- 
centage have serum ascorbie acid values above 0.7 mg. per 100 ¢.c. than 
do during the winter and early spring. In very young children whose 
dietaries vary less throughout the year, the seasonal difference is less 
apparent. Of the entire group of ‘‘normal’’ children, approximately 35 
per cent during the winter, and 20 per cent during the summer, have 
ascorbie acid values indicative of serious undernutrition with respect to 
vitamin C, 

A much larger percentage of sick children, both with and without 
diarrhea, show low values of ascorbic acid in serum. Again, in this 
group, the greater percentage of very low values is found in children 
under 3 years of age. In many instances it is difficult to know how 
great a role failure to eat and limitation of diet may play in bringing 
about the deficiency in sick children. These factors probably are of con- 
siderable importance in gastrointestinal disturbances. Children with 
diarrhea have been found to require very large oral doses of ascorbic 
acid to maintain satisfactory levels in the blood. 

Whatever the mechanism of the deficiency may be, our results indicate 
the necessity for taking measures to provide extra vitamin C for sick 
children in order to prevent a serious lack of this essential food factor 
during their disease. 

The question still remains unanswered as to why clinical evidence of 
scurvy is so seldom seen among the rather large group which is ap- 
parently grossly deficient in vitamin C. The suggestion is made that 
diets which are simultaneously deficient in calories and several essential 
food factors may suppress the typical manifestations of deficiency, 
despite low levels of ascorbie acid which, in otherwise adequately nour- 
ished persons, would cause outspoken seurvy. 

The ascorbie acid used in the course of this investigation was furnished through 
the generosity of Mead Johnson & Co. 
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SOME RESPONSES OF THE CHILD TO EXERCISE 


FREDERIC W. Scuiutz, M.D., M.S., Minerva Morse, Px.D., Anp 
JoHN L. Gepcoup, M.D. 
CuicaGo, IL. 


HE importance of some of the fundamental homeostatic factors such 

as cardiovascular adjustment and acid-base equilibrium in the prob- 
lem of fatigue is recognized, and likewise, the extraordinary capacity 
which the organism has to make almost immediate adjustment in the 
face of the least derangement of these funetions. To attempt to eap- 
ture phases of this rapid and subtle adjustment or to demonstrate and 
measure even minute or minor alterations from the normal, which might 
conceivably occur when even early evidences of fatigue set in, was the 
object of this study. 

The present report represents the results of a study of twelve chil- 
dren ranging in age from 11 to 13 years. The study has included deter- 
minations of the changes in heart rate and systolic and diastolic pres- 
sures resulting from both moderate and maximal work on the bicycle 
ergometer, determinations of the changes in many of the components of 
the blood under the two eonditions of work, and an attempt to determine 
whether or not any of these findings could be related to the nutritive 
status or the physical capacity of the child. 

Whereas the effects of muscular exercise upon the composition of the 
blood have been studied intensively in the dog and the adult man, simi- 
lar studies on the child have received little attention. Sechlutz and 
Blish’ have shown that after fifteen minutes of exercise, the content of 
fixed acid in the child’s blood is increased, but if exercise is continued 
longer, the concentration of fixed acid tends to fall again. The rise in 
fixed acid with exercise is also markedly reduced by training. In com- 
paring the asthenie with the normal child, they found that, although 
averages of the entire series show little difference in response to exer- 
cise, the children showing spectacular rises in the level of fixed acid are 
definitely asthenic and that the asthenie child shows less marked re- 
sponse to training than the normal child. 

Robinson? has recently reported a compre 
fitness in relation to age, which has ineluded children of all ages begin- 


7 


nensive study of physical 
ning as young as 5.7 years. While most of the study has been devoted 
to changes in heart rate, oxygen intake and lung ventilation during 


exercise, measurements of the various subdivisions of the lung volume, 
and the composition of arterial blood during rest, it has ineluded the 
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effeets of exercise upon the blood sugar and lactie acid. When walking, 
children and young men show the same slight rise in blood lactie acid, 
but when maximal work is being performed the large rise in lactie acid 
is less marked in the younger children and becomes greater with in- 
ereasing age until it reaches a maximum in men of from 30 to 40 years. 
Walking usually produces a slight rise in blood sugar in thildren as well 
as in men of all ages, but severe exercise produces a hyperglycemia in 


all but the youngest boys and the oldest men. 
EXPERIMENTAL PROCEDURE 


Experiments were carried out early in the morning, the children hav- 
ing fasted since the previous evening meal. Initial pulse rate and sys- 
tolie and diastolic pressures were determined, and an 8 ¢.c. venous blood 
sample was drawn while the child rested in position on the bicycle 
ergometer. Some stasis was required in order to secure the blood sam- 
ple. Immediately after exercise, pulse rate and systolic and diastolic 
pressures were determined in fifteen-second consecutive intervals for 
two minutes. The drawing of another 8 ¢.c. venous blood sample fol- 
lowed immediately after and was usually completed five minutes after 
exercise had ceased. 

One cubie centimeter of each blood sample was introduced under oil 
into a small receptacle containing potassium oxalate. This sample was 
used for the determination of blood sugar, hemoglobin, cell volume, pH, 
and blood CO,. The remainder of the sample was introduced under oil 
into a 15 ¢.e. centrifuge tube, centrifuged, and the serum removed under 
oil. The serum was analyzed for lactate, phosphate, total nitrogen, 
chloride, and sodium. 

Micromethods of analysis were used. Hemoglobin was determined according to 
Evelyn,’ in the photoelectric colorimeter. The microtechnique of Shock and Hast- 
ings, made possible the determination of cell volume, pH, and total CO, on a single 
0.1 ee. blood sample. Plasma CO, was calculated from pH and total CO,, using 
the factors of Van Slyke and Sendroy.6 Blood sugar was determined by the micro- 
method of Folin.6 Serum lactate was determined by adapting the method of Avery 
and Hastings? to 0.2 e.c, samples. Inorganic phosphate was determined on a 0.2 
ec, sample by adapting the Fiske-Subbarow method,’ to use with the Evelyn photo- 
electric colorimeter. Total nitrogen was determined on 0.1 ¢.c. samples by the 
micro-Kjeldahl method of Pregl,® chloride on 0.1 ¢.c. samples using the titrimetric 
silver iodate—thiosulfate method of Sendroy,!® and sodium on 0.2 ¢.c. samples by the 


micromethod of Hoffman and Osgood.11 


Each child came in onee a week for five weeks to participate in the 
experiment. For the first three weeks exercise on the bieyele ergometer™ 
was moderate and fixed in amount. Each child was asked to ride for 
fifteen minutes at such a speed as to generate a terminal voltage of 7. 
This required about fifty revolutions of the pedals per minute and repre- 
sented the performance of 1,750 foot pounds of work per minute. Such 
work was accomplished with comparative ease by all but one of the sub- 




















SCHLUTZ ET AL.: RESPONSES OF CHILD TO EXERCISE 31 
jects. This child (D. A.) sueceeded in maintaining the desired rate of 
work in one experiment when he was asked to keep the voltmeter re- 
cording needle at 8. 

The experiments for the last two weeks were designed to test the phys- 
ical capacity of the child. After riding five minutes at the moderate 
speed, the child was asked to ride as fast as possible for one minute and 
to try to make the voltmeter needle move out to the end of the seale 
(15 volts). An interest in trying to make the voltmeter needle move 
off the seale stimulated most of the children to maximal performance. 
Three of the children sueeeeded, although their maximum speed lasted 
about fifteen seconds. The voltmeter reading was recorded automatically 
by a pen tracing. A comparative estimate of the accomplishments of 
the different subjects was secured by studying the superimposed trae- 
ings. Of the twelve children, three (R. W., F. C., and L. 8S.) were rated 
superior; three (W. P., J. G., and R. B.), good; four (M. G., P. P., J. 
Ba., and R. H.), fair; and two (J. Bo. and D. A.), poor. 


NUTRITIVE STATUS OF THE SUBJECTS 
The data showing the nutritive status of each of the subjects is given 
in Table I. The subjects were chosen to represent underweight, normal, 
and overweight types. Two (M. G. and J. G.) were girls, and the rest. 
boys. Four (R. W., R. B., R. H., and J. Ba.) were negroes. M. G. and 
J. G. were sisters, and W. P. and P. P., brothers. 
TABLE I 


MEASUREMENT OF THE NUTRITIVE STATUS OF THE SUBJECTS 





MC CLOY RATING CREAT 
| BALD ININE MUSCLI 
SUB- AGE WEIGHT! HEIGHT WIN- : COEFFI (CREAT 
— ~~ - INDEX INDEX INDEX 
JECT ( YEARS ) (KG, ) (CM. ) WooD | CIENT ININE) 
| OF OF OF 
RATING (MG, INDEX 
BUILD WEIGHT FAT 
a a 2 ; ; i 2 KG, 
J. G. 1 6/12) 28.0 141.6 | 0.809 O.S6 0.93 0.56 2.2 0.0” 
W. P. | 13 11/12] 35.9 154.4 | O.835 0.91 0.92 0.68 23.2 1.04 
R. H. |12 6/12) 149.6 | 0.850 0.85 0.99 0.73 25.3 1.22 
D. A. j11 5/12 138.9 | O.864 0.90 0.96 0.69 19.7 1.04 
J. Ba, 11 8/12] 30.3 143.3 0.881 | O.S9 100) |, 0.71 248 1.20 
M. G. |11 3/12] 32.7 145.1 | O.S9S | 0.92 0.98 0.67 19.0 0.90 
R. B. 11 6/12| 33.3 144.3 | 0.949 | 0.92 1.03 OST 27.0 1.35 
L. 8. |11 3/12] 39.3 149.8 | 0.971 1.00 1.03 0.82 25,8 1.30 
me | 11 4/12) 42.4 |} 145.9 | 1.171 | 1.07 1.09 1.13 21.1 1.12 
R. W. |13 9/12] 64.7 164.3 1.281 1.14 1.13 1.09 19.4 1.08 
J. Bo. |12 2/12) 52.6 |} 149.5 1.378 1.18 1.15 1.71 9.6 0.54 
F. C. |12 11/12] 63.3 | 158.2 | 1.404 1.14 1.23 1.61 14.9 0.90 


According to the Baldwin-Wood" rating based on height, weight, age. 
and sex, six of the subjects would be classed as underweight and four 
overweight (allowing + 10 per cent as the normal range). According 
to the MeCloy** rating which takes into account other skeletal measure- 
ments, chest cireumference, hip width, and knee width, as well as height, 
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only two of the subjects would be considered underweight, although 


eight were below the average in respect to body fat. The majority of the 
subjects were of the narrow asthenice type. 

The creatinine coefficients were determined to supplement the anthro- 
pometriec measurements. The children were hospitalized long enough 
to collect an accurate twenty-four-hour urine specimen. Meat was with- 
held from the diet for twenty-four hours preceding and during the col- 
lection of the specimen. The creatinine of the urine was determined by 
Folin’s method,’® and the creatinine coefficient was caleulated in milli- 
grams per kilcgram body weight. Except for the two definitely over- 
weight children, the values all fell within the range found by Talbot’® 
for normal children. 

It was felt that the creatinine data could be used to better advantage 
if the twenty-four-hour creatinine excretion were considered in relation 
to the skeletal build of the child. The ‘‘normal weight’’ as developed 
by MeCloy gives the average weight of children of the same skeletal 
build. The ‘‘normal’’ twenty-four-hour exeretion of creatinine of a 
child of given skeletal build might then be determined by multiplying 
the ‘‘normal weight’’ by 20.5, the average creatinine excretion per kilo- 
gram of body weight found by Talbot. Following this reasoning, a 
creatinine index was found for each child by dividing the actual creati- 
nine exeretion by the ‘‘normal’’ excretion. The indices so caleulated are 
independent of the fat factor and would seem to be useful as a measure 
of the relative amount of muscle in the different subjects. It is inter- 
esting to note that the creatinine indices account very well in most in- 
stanees for the discrepancy between the weight and the fat index of 
each child. The results indicate a muscle content definitely lower than 
the normal for the two obese boys and the two girls, and definitely 
higher than the normal for the three thin negro boys and one muscular, 
but thin, white boy. 

OBSERVATIONS 


Tables II and III give the average value, the range in value, the stand- 
ard deviation, and the coefficient of variation for each factor measured 
before exercise and after both moderate and maximal work. The means 
represent the average of two or three experiments on each of the twelve 
children. 

The resting values of the two sets agree very well. Except for serum 
lactate, the greatest individual variations in resting values occur in the 
cardiovascular measurements, diastolic and systolic pressures, and pulse 
rate. Serum pH, chloride, sodium, and the total determined anions 
show a coefficient of variation of not more than 1.3 per cent. After 
moderate work the coefficient of variation is increased significantly in 
the eases of diastolic pressure and serum bicarbonate and lactate. After 
maximal work serum lactate shows less individual variation than after 
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:aoderate work, while systolic, as well as diastolic, pressure and serum 
sugar and CO, tension show a greater coefficient of variation than before. 

The changes brought about in each measured factor by exercise of 
both a moderate and a maximal character are summarized in Table IV. 
This table gives the changes in each factor as measured by the average 
of all the experiments and the standard deviation from this average as 


ealeulated by the formula, Vx + — 4)" , on the somewhat doubtful 
N-1 

assumption that the variations follow the law of normal distribution 

All of the changes due to exercise have been tested for significanee by 

ealeulation of the ‘‘T’’ factor for paired data. It is interesting to note 

that, with the exception of serum pH and sodium during moderate work, 


ee 


and diastolic pressure, blood sugar, serum chloride, and CO, tension 
during maximal work, all of the factors measured showed significant 
changes as the result of exercise. 

Since we were especially interested in deteeting any possible relation 
of each factor to the nutritive or physical status of the child, we have 
emphasized the variations by ineluding in the table those children whose 
deviations from the average of the group exceed the standard deviation. 
Those factors showing a relatively large number of persons with devia- 
tions from the mean exceeding one standard deviation would seem to 
offer greater possibilities for investigation of the effects of nutritive or 
physical status. Such factors as changes in pulse rate and serum lactate, 
bicarbonate, CO, tension, sugar, and phosphate during the performance 
of a moderate fixed task, and changes in systolie, diastolic, and pulse 
pressures during maximal work would, therefore, appear more fruitful 
in this respect. 

It may be observed that with a few exceptions, notably D. A. and 
R. W., who represent the two extremes of physical capacity, those chil- 
dren who show the extreme deviations from the mean of a given re- 
sponse when performing moderate work are seldom the children to 
show the extreme deviations when performing maximal work. It may 
also be observed that, in the ease of most of the factors measured, there 
is a greater variability of response to moderate than to maximal work, 
as judged by the greater number of persons showing more than one 
standard deviation from the mean. In interpreting the data, it should 
be borne in mind that, while the amount of moderate work performed 
by each subject is the same for all of the children, the actual effort put 
out by the individual child in performing this work probably varies 
more than it does when each child is making the maximal effort, but 
with varying success. 

In these experiments the average rise in pulse rate and in systolie 
pressure increases slightly as the work is changed from a moderate to a 
maximal character. The maximum pulse rates under either condition 
are considerably lower than those found by Robinson during walking 
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or running. Diastolic pressure shows great variability of response. In 
the majority of subjects it deereases during moderate exercise, but in 
some persons a rise oceurs. There is a greater tendency for diastolic 
pressure to rise with the performance of maximal work. The average 
rise in pulse pressure is the same after both moderate and maximal 
work, but analysis of the individual cases shows a great variety of re- 
sponse as the work is changed from a moderate to a maximal character. 

A study of the nutritive status and physical capacity of those persons 
who show extreme deviations from the mean reveals little relation of 
any eardiovaseular response to either of these factors. It is perhaps 
suggestive that the children showing extremely high deviations from 
the mean in cardiovascular responses to moderate work were fair or 
poor in physieal eapacity; the two children showing the lowest rise in 
pulse rate with maximal effort were of good or superior physical capac- 
itv, while the two showing the lowest rise in systolic pressure were fair 
or poor. R. H. is exceptional in showing little change in systolic pres- 
sure and a marked fall in diastolie pressure with both moderate and 
maximal effort. His physical capacity is only fair. His response to 
moderate work is characterized also by an unusually high rise in pulse 
rate and in serum chloride, sugar, and lactate. 

The most striking changes in the blood during exercise oceur in the 
lactate and the bicarbonate coneentrations. Fig. 1 shows the rise in 
lactic acid for all of the individual experiments. The experiments for 
a given child are grouped together and the children are arranged from 
left to right in the order of their decreasing physical capacity as meas- 
ured by their performance on the bieyele. The single experiments con- 
dueted at weekly intervals show little evidence that a training factor 
has affected the laetie acid response, sueh as was observed by Sehlutz 
and Blish' in experiments conducted daily. Each child shows a fairly 
uniform response from one experiment to the next, which characterizes 
him as an individual and reveals his physical capacity to a marked 
degree. The three children who show very little change in lactie acid 
when performing moderate work are those who show superior perform- 
anee on the bieyele when maximal effort is called forth. Our results on 
the child support the work of Dill, Talbott, and Edwards" on adults in 
showing that the extent of the laetie acid and biearbonate changes dur- 
ing the performance of a fixed task furnishes an excellent guide to the 
capacity of the person for physical activity. 

With maximal effort, the rise in lactie acid is higher in every ease. 
The very high values reached by J. G. and R. B. would seem to indicate 
that they put forth more effort than the others in trying to aecomplish 
what for them was impossible. 

We had hoped that a study of the lactie acid changes during exercise 
might give further information as to the extent to which the physical 
capacity of the child might be limited by his nutritive state. Sehlutz 
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and Blish found no definite relation between the extent of the lactic acid 
rise during exercise and the nutritive status of the child, although the 
few children who showed large lactie acid rises were undernourished 
children. In the present investigation, many of the higher rises in lactic 
acid with moderate work oceur in thin children. Two other under- 
nourished children on whom single experiments were run before it was 
discovered that they were unsuitable to continue the experiments also 
showed higher lactic acid rises when performing the same fixed task. 
On the other hand, not all of the thin children give high lactie acid 
responses with moderate work, and one of the higher rises is shown by 


an obese child (J. Bo.). 


ote WITH MODERATE WORK ~ 
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Fiz. 1 The rise in serum lactate resulting from the performance of (a) fifteen 


minutes of moderate exercise at a fixed rate of work, and (b) one minute of exercise 
at a maximal rate. 

The individual experiments for a given child are grouped together for each set of 
conditions. The children are arranged from left to right in the order of their decreas- 


ing physical capacity as measured by their performance on the bicycle. 

The lactie acid rise when a fixed task is being performed would pre- 
sumably be dependent upon both the mechanical efficiency of the person 
and his eapacity to supply oxygen to the tissues. Either of these fae- 
tors might depend upon training and, therefore, in a child, upon 


age. 
The lactie acid responses to exercise shown by the brothers and sisters 
in the group are pertinent to this question. In the case of the brothers, 
the younger one is clinically well developed and well nourished, while 


The 


performance of the older boy on the bieyele is better, and his laetie acid 


the older one is thin and small for his age, but two years older. 


response is smaller. The two sisters present practically the same _pie- 
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ture. One is a year older than the other, small for her age and thin. 
Her sister is larger and heavier for her build and less thin. The older 
girl performs better on the bicyele and shows a smaller lactie acid rise 
with moderate exercise. It would seem that age and training are far 
more important factors than the nutritive state of the child in deter- 
mining his physical capacity, and that physical capacity is dependent 
upon many interrelated factors, only one of which is nutrition. 
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Fig. 2.—Corrélation between the rise in serum lactate and the fall in serum bi- 
carbonate (at initial pH) during exercise. The equation of the line drawn through the 
points, [LA-]s 0.17 — 0.85 [HCOs-]s, was determined by the method of least squares. 


The fall in serum biearbonate with exercise approximates inversely the 
rise in laetie acid. Fig. 2 shows the relation between the two for all of 
the individual experiments. The bicarbonate concentration at the end of 
—- A [HCO,], 

A pH, 


for any change in pH which may have oceurred. In the great majority 





exercise has been corrected by means of the relation == 28'§ 


of experiments, the fall in bicarbonate exceeds the rise in lactate by a 
small amount. The equation [LA-], — — 0.17 — 0.85 [HCO,-],, repre- 
sents the relation between the two as caleulated by the method of least 
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squares. This fairly constant relation justifies the use of serum bicar- 
bonate values corrected to initial pH as an approximate measure of the 
entrance of fixed acid into the blood in experimental work with children 
in eases in which small samples of finger blood are necessary or desirable. 

During moderate work, pH changes are negligible except for a fall 
of 0.09 in the ease of D. A. During maximal work, a marked fall in pH 
occurs in all except two eases, J. Bo. and R. W. Serum CO, tension, 
calculated from serum pH and bicarbonate by means of the Henderson- 
Hasselbaleh equation, falls significantly during moderate work except 
in the cases of four boys of superior or good physieal capacity (R. W., 
F.C. L. S., and W. P.) and one boy of very poor capacity (D. A.). 
With maximal work D. A. shows a marked fall; the others show little 
change either way. Since changes in pH and CO, tension during exer- 
cise are regarded as the resultant of two factors, overventilation and 
entrance of fixed acid into the blood, these results indicate that during 
moderate exereise all of the children who show a rise in serum lactie 
acid are able to compensate by overbreathing with the exception of 
DD. A.; but during maximal work, on the contrary, only R. W. and J. Bo. 
can compensate. TD. A. is a thin, neurolabile child, and R. W. and J. Bo. 
are both well nourished. 

The effects of exercise on serum phosphate and sugar are represented 
for the individual children in Fig. 3. In the upper half of the chart, 
representing the results for moderate work, the children are arranged 
for convenience from left to right aeeording to the increasing magnitude 
of the phosphate rise. For maximal work they are arranged in the same 
order as above. The rise in phosphate with both moderate and maximal 
effort is small, reaching a maximum of 0.27 meq. in the ease of D. A. 
Those children showing the smaller, often insignificant rises in phosphate 
during moderate exercise are children of superior or good physical 
capacity. These children also show little change or a slight fall in blood 
sugar during moderate exercise, while the others exhibit a rise whieh 
beeomes marked in the eases of R. H. and D. A. One boy, F. C., well- 
nourished, shows a significant fall in blood sugar with maximal exer- 
cise. It is of terest that three of the four boys who possess an adequate 
or excessive amount of fatty tissue show at least a slight fall in blood 
sugar during maximal exercise. 

The protein concentration of the serum inereases with moderate ef- 
fort. The magnitude of the rise, varying from 1.5 to 6.6 per cent, is 
characteristic of the individual child, but bears no apparent relation to 
his nutritive state, his physieal capacity, or the magnitude of his blood 
pressure rise. With maximal effort protein concentration increases still 
further, from 1.4 to 7.2 per cent, and the individual differenees tend 
to disappear, 

The changes in the concentrations of the diffusible ions of the serum, 
notably sodium and chloride, are very slight during both moderate and 
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maximal work. The chloride concentration shows a very slight rise 
during moderate work in all but one of the children (M. G.). While 
this slight rise, usually about 0.7 meq., falls within the limits of error 


of the method, its consistent recurrence and the fact that analyses were 
performed with great eare and in triplicate would seem to give it sig- 
nificance. With maximal effort no consistent rise in chloride conecen- 
tration is observed, a result which may be accounted for by the counter- 
effects of the chloride shift from serum to red cells which is associated 
with the fall in pH. In these experiments the sodium concentration does 
not change consistently in either direction during moderate work, but 
under the conditions of maximal effort, it shows a slight rise in all but 
two children. Since the changes in sodium concentration seareely ex- 
ceed the limits of error of the method, these findings are suggestive, but 
of doubtful significanee. 


SUMMARY 


The effeets of exercise have been studied intensively in twelve ehildren 
from 11 to 13 years of age. The study has ineluded determinations of 
the changes in heart rate and systolic and diastolic pressures, resulting 
from both moderate and maximal work on the bieyele ergometer, and 
determinations of the changes in many of the blood components under 
the two conditions of work. An attempt has also been made to relate 
these changes to the nutritive status and to the physical capacity of 
the child. 

The nutritive status of each child has been established by clinical 
examination, by the weight and fat indices of MeCloy, and by creatinine 
indices. Physical capacity has been measured by performance on the 
bicyele ergometer. 

With the exception of serum pH and sodium during moderate work 
and diastolic pressure, blood sugar, serum chloride, and CO, tension 
during maximal work, all of the factors measured showed significant 
changes as the result of exercise. 

Pulse rate and systolic pressure increased with exercise, but as work 
was changed from a moderate to a maximal character little further in- 
crease occurred, as a rule. Diastolie pressure showed great variability 
of response under either condition of work, decreasing in the majority 
of children during moderate exercise, but showing an increased tendency 
to rise during maximal exercise. 

Hemoglobin, red cell volume, and serum protein inereased with both 
moderate and maximal exercise. With one exception (R. W.), the 
magnitude of the rise was greater during maximal exercise, the maxi- 
mum inerease for an individual child reaching 8.2 per cent for protein, 
8.6 per cent for cell volume, and 10.4 per cent for hemoglobin. 

The sodium and chloride concentration of the serum showed little 
change, although an increase of approximately 0.7 meq. in chloride 
during moderate exercise appears to be significant. 
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Serum phosphate increased during both moderate and maximal exer- 
cise by a small amount not exceeding 0.3 meq. The rise in phosphate 
tended to be higher during maximal work. Blood sugar showed small 
variable responses to exercise but increased slightly in the majority of 
persons. 

Serum lactate increased, on the average, by 3.5 meq. during moderate 
exercise, and by 7.8 meq. during maximal exercise. Serum bicarbonate, 
corrected to initial pH, showed a corresponding, but slightly greater, 
fall. The pH did not change appreciably during moderate exercise but 
decreased on the average, by 0.09 during maximal work. 

Greater variations in response occurred during moderate work in 
pulse rate and serum lactate, bicarbonate, CO, tension, sugar, and phos- 
phate, and during maximal work in systolic, diastolic and pulse pres- 
sures. These factors would, therefore, appear to offer more fruitful 
fields for investigation of individual differences and their relation to 
physical capacity. 

The present investigation was limited to too small a number of chil- 
dren and too heterogenous a group to enable us to draw conclusions, but 
a few relationships appear suggestive. Superior physical capacity is 
indieated in the child, as well as in the adult, by the lack of a significant 
rise in serum lactie acid and a corresponding fall in bicarbonate when 
a fixed moderate task is performed. Those children showing the smaller, 
often insignificant, rises in phosphate during moderate exercise possess 
good or superior physical capacity. These children also show little 
change or a slight fall in blood sugar under such conditions while the 
others exhibit a rise which may become marked. The children showing 
the higher cardiovascular responses to moderate work are only fair or 
poor in physical eapacity. 

While nutritive status undoubtedly has some effeet upon the physical 
response of the child, many other factors complicate the problem. Many 
more children will have to be studied and the various factors inter- 
related in some statistical manner before much progress can be made in 
the solution of the problem. We feel, however, that the methods used in 
the present investigation offer valuable tools for its solution. 

The authors are indebted to Miss Helen Oldham, Miss Leona Woods, and Miss 
Margaret Dewar for assistance in the experimental work. 
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CONGENITAL ARTERIOVENOUS FISTULAS IN CHILDREN 


CHARLES E. Warp, M.D.,* anp Bayarp T. Horton, M.D. 
RocHESTER, MINN. 


ASCULAR anomalies have been recorded in medical literature for 

many centuries. They represent congenital defects in the vascular 
tree which may be observed at birth or which may manifest themselves 
later in life. Perhaps the simplest type of vascular anomaly is repre- 
sented by the so-called port-wine mark, while the type of anomaly that 
is the most complicated and most far-reaching in its effect is the arterio- 
venous fistula. 

All of these vascular anomalies are of special interest to pediatricians, 
since most of these conditions are noted at birth or in early life. The 
simple vascular nevi are easily recognized, although many of the more 
complicated lesions are not fully understood. Cases of congenital arterio- 
venous fistula are frequently unrecognized by both pediatricians and 
surgeons. Most of the eases observed at The Mayo Clinie had not been 
correctly diagnosed prior to admission. Diagnoses such as elephantiasis, 
gigantism, hypertrophy, ‘‘tumor,’’ cavernous hemangioma, and vari- 
cose veins have been common. In several instanecs, poliomyelitis was 
suspected in the normal lower extremity because it was smaller than the 
involved extremity. 

In most instances, the diagnosis can be established definitely if the 
symptoms and signs are carefully evaluated. In former years the most 
obvious cases were recognized at the clinic, while insufficient data were 
obtained on many other suspicious cases. In recent years more accu- 
rate observation and newer diagnostic procedures have greatly increased 
the number of proved cases. 

A certain number of these children can be benefited more definitely 
if treatment is carried out before great deformity has oceurred. It is, 
therefore, our purpose to help stimulate interest and diagnostic acumen 
in these conditions, in the hope that more arteriovenous fistulas will be 
recognized and treated in childhood. 

In this description we are assuming that all the vascular anomalies 
recorded in this article represent varying degrees of abnormal arterio- 
venous communication. We feel that the term ‘‘abnormal arteriovenous 
communiecation’’ is all-inclusive, and we use it to designate all vaseular 
abnormalities in which arterial blood passes into the venous system 
without having to pass through a capillary bed. Reid’? and one of us 
(Horton* *) have sponsored this thesis for a number of years. In his 
articles Reid has pointed out that pulsating angiomas, cirsoid aneurysms, 


From the Division of Medicine, The Mayo Clinic. 
*Section on Pediatrics. The Mayo Clinic. Now residing in Jackson, Miss. 
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arteriovenous aneurysms, and even simple angiomas all represent the 
same fundamental type of lesion. We are in accord with his conelu- 
sions that even simple angiomas represent abnormal communications be- 
tween the smallest arteries and veins. The capillary bed is the normal 
communication between the arterial and venous systems. Any variation 
from the normal capillary communication in the direction of dilatation 
necessarily constitutes an abnormal arteriovenous communication, and 
one ean invariably demonstrate the presence of such a lesion either by 
means of an increase in oxygen content of venous blood adjacent to such 
a region or by means of arteriography. 

Many modern textbooks on surgery and pathology regard heman- 
giomas, cirsoid aneurysms, and similar conditions as neoplasms, and 
even today, probably the prevailing idea is that cirsoid aneurysms are 
neoplasms. Virehow® made the important observation that hemangiomas 
of the liver could be injected through the hepatie artery or through the 
main portal or hepatic veins. Several older writers, in operating upon 
angiomas, have noted that the veins contained arterial blood. Warren,® 
for example, in 1858, while amputating an arm for a varicose aneurysm, 
noted that the veins carried arterial blood, and he later demonstrated 
that the veins anastomosed freely with the arteries. This same phe- 
nomenon was observed during operation in practically all of our cases. 
The eases which we are reporting have been selected from the records 
which have accumulated in the Section on Pediatrics since its establish- 
ment in 1921. Approximately 1,000 records were reviewed, and we are 
presenting forty-four cases from this survey. We have excluded all 
vases of uncomplicated hypertrophy, gigantism, and lymphedema, and 
have ineluded only those cases in which there was definite clinical evi- 
dence that abnormal arteriovenous communications existed in the in- 
volved part. We also have exeluded simple vaseular nevi, such as port- 
wine marks, strawberry marks, and spider nevi. Many of our cases 
exhibited cavernous angiomas. 

In this study of forty-four eases, the intracranial vessels were involved 
in four subjects; the scalp, face and neck in four subjects; the upper 
extremities in nine subjects; and the lower extremities in twenty-five 
subjects. In addition, two patients exhibited hemihypertrophy of the 
entire half of the body. All patients in this report are less than 15 
years of age. 


INTRACRANIAL VASCULAR ANOMALIES 


There were four patients in this group, three boys and one girl 
(Table I). Their ages ranged from 3 
toms had been present from one month to four years prior to admission 
to the clinic. An audible bruit was present in all four patients, and 
in two of these (Cases 1 and 2), a palpable thrill was also present. In 


to 14 vears. Signs and symp- 


three cases (Cases 1, 2, and 3), there were signs and symptoms of an 
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AGE AT ] | l 
| ONSET 
| AGI | OF | 
CASE | (YR.)| REGION | SIGNS| sermeemnese | enceslemens| COUN | SSRN. 
NO. AND | invotveo | anp | DESCRIPTION a ae FUNDI | GENOGRAM 
SEX SYMP 
roMS 
( YR, ) } | 
1 , M\Left % iLeft exoph Bilat- |Increased 
mastoid thalmos, hydro eral | pressure, 
cephalus. Pulsa | optic sellar 
tions in left | atrophy | erosion 
mastoid region 
with thrill and | 
bruit | | 
2 |10, M/Left 6 |Progressive right (Normal |Normal 
middle hemiple-| 
cerebral gia. Bruit and’ 
vessels thrill over both 
earotids an! 
most of head 
}14, F |Right 13) |Bruit behind - 0 Bilat- |Increased 
| * | suboe- right ear} | eral | pressure, 
cipital audible to pa choked | sellar 
tient. Disap-| disks erosion 
peared with! 
pressure on ad-| 
jacent vessels | 
tf | 5, M/iRight 5 Bruit over right + | O |Normal |Normal 
mastoid mastoid reg’on 
neeiden 
tally found by| 
parents. Disap 
peared witl 
pressure ove? 
right earotid 
organie intraeranial lesion associated with headache and vomiting. 


In Cases 1 and 3 there were positive changes in the ocular fundi. 

Case 1 exhibited roentgenographie evidence of increased intracranial 
pressure, with erosion of the sella turcica, left exophthalmos, and optie 
atrophy. No treatment was carried out on this patient. 

Case 2 did not exhibit roentgenographie evidence of inereased intra- 
cranial pressure, but did have a progressive right hemiplegia with a 
right homonymous hemianopia. The oeular fundi appeared to be normal. 

Case 3 exhibited roentgenographie evidence of inereasing intracranial 
pressure, with erosion of the sella tureica, choked disks, and a subjective 
sensation of a buzzing noise in the right ear. 

The patient in Case 4 had no symptoms whatsoever. A bruit was 
present over the head, but this had been discovered accidentally by the 
parents. The fundi appeared normal, and the roentgenographie exam- 


ination gave normal results. No treatment was earried out. and we have 


no follow-up information regarding this patient 
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Treatment.—Surgieal exploration was carried out in Cases 2 and 3 


by Dr. Craig. In Case 2 a definite arteriovenous fistula was demon- 
strated in the left middle cerebral vessels. It was not possible to resect 
this anomaly, and no information has been obtained about this patient 
since dismissal. 

An absolute diagnosis was not established in Case 3, although the 
surgical exploration revealed numerous dilated arterial and venous chan- 
nels present over the right suboccipital region, without definite evidence 
of communication with the extracranial vessels. The right occipital 
artery was ligated and other vessels were coagulated. After surgical 
exploration, the bruit was no longer audible, and the patient’s symp- 
toms improved. We have no information as to the present status of 
this patient. 


VASCULAR ANOMALIES OF THE SCALP, FACE, AND NECK 


Four patients presented signs and symptoms of vascular anomalies 
involving the scalp, face, and neck, without evidence of intracranial 
involvement (Table II). Three of these patients were boys and one was 


TABLE II 


CONGENITAL VASCULAR ANOMALIES OF THE SCALP, FACE AND NECK 


MAXIMAL SURFACI 











| AGE 
CASE (¥R.) | REGION suecesrrees |__ TEMPERATURE 
NO, AND | INVOLVED | —— INVOLVED | NORMAL 
SEX | | REGION | REGION 
5 | 9, F Right side of/Extensive cavernous|/Felt a oo 
| neck, face, and| hemangiomas; multiple! warmer 
| scalp; right) bruits and thrills 
| ear | 
6 | 2M /|Right mastoid |Enlarged veins. Bruit = mit - 
ceased with pressure} 
over adjacent vessels | 
ae | 4, M |Right side of|Bruit above right clavicle} 35.7° C. | 34.6° C. 
neck disappeared with pres-| 
sure over right common 
carotid 
S| 7,M (Right side of|Pulsation; bruit above) | 
| neck right clavicle disap; 
peared with pressure] 





over right common caro 
| tid | 








Bruit and thrill were present in all cases. Ocular fundi and roentgenograms of the 
head were normal in Cases 5, 6, and 8, and were not recorded in Case 7. 
a girl. The right side of the face, neck, sealp, and ear was involved in 
Case 5, the right mastoid region in Case 6, and the right side of the neck 
in Cases 7 and 8. A continuous bruit and thrill were present in each 
ease. There was a definite increase in surface temperature of the in- 
volved side in Cases 5 and 7, but no information was recorded from this 
standpoint regarding the other two eases. Extensive birthmarks were 
present in Case 5, but were absent in the other three cases. In Case 5 
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(Fig. 1), the examination showed extensive cavernous hemangiomas 
from the right clavicle to the right parietal region and involving the 
entire right ear. This region felt definitely warmer than the opposite 
side. Several separate bruits and thrills were present, indicating multi- 


ple abnormal arteriovenous fistulas. 





Fig. 1 A large vascular anomaly occupied the right side of the head and neck 
and the right ear. A loud continuous bruit could be heard over this region, and a 
palpable thrill was present. 


In Case 6, the continuous bruit, whieh was heard over the right mas- 
toid region, disappeared when pressure was applied over the right oe- 
cipital and the right posterior auricular artery. The superficial veins of 
the sealp in this region were enlarged. 

In Cases 7 and 8, a continuous bruit was detected above the right 
clavicle when these patients were being examined for unrelated condi- 
tions. In each case, pressure over the right common carotid artery 
caused the bruit to cease. 

Treatment.—In Case 5, the surgieal treatment by Dr. Adson con- 
sisted of ligation of the right external carotid artery, followed by the 
ligation and excision of numerous dilated vessels over the mastoid 
region. The right transverse cervical artery was also ligated. The 
condition of the patient was definitely improved after operation and 


further operations are planned in the future. 
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In Case 6, the right occipital artery was ligated by Dr. Craig, man) 
dilated veins were coagulated, and several large communicating sinuses 
in the cranial bones were occluded. This patient showed improvement 
after operation; the bruit was markedly decreased in loudness and was 
heard only occasionally. 

In Cases 7 and 8, no treatment was advised. These patients were 
asked to report at regular intervals, but their subsequent course is 
unknown. 


VASCULAR ANOMALIES OF THE UPPER EXTREMITIES 


In nine subjecis an upper extremity was involved, the right in three 
instanees, and the left in six instanees (Table III). Five of the sub- 
jects were boys, and four, girls; their ages ranged from 1 to 10 years. 
All of these lesions were first noted at birth. The involved extremity 
was from 1 to 3 em. longer than the normal extremity in two cases; no 
increase in length was noted in six cases; and in one ease, the humerus 
in the involved arm was actually 2.5 em. shorter than that in the corre- 
sponding normal arm. This latter condition was most certainly due to 
the use of radium, which had been applied at intervals over a period of 
seven years. Nothing of significance was noted in the blood pressure 
readings in this group of cases. Cardiae hypertrophy was noted in one 
ease (Case 10), and » positive bradyeardiae reaction (that is, a slowing 
of the heart rate after closure of the arteriovenous fistula) was noted in 
two cases. Bruits and thrills were not observed in this group of cases. 





Fig. 2.—A large vascular mass of spongy consistency in the region of the left elbow. 


Arteriographie studies were carried out in Case 9 and indicated the 
presence of abnormal arteriovenous communications. These com- 
munications were too small to permit the development of a bruit. 
An increase in surface temperature of the involved extremity was re- 
corded in three cases. The greatest increase in surface temperature was 
2.8° C. No record or note was made regarding the surface temperature 
in the other cases. Oxygen determinations of the venous blood in the 
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involved extremity were carried out in two cases, but the results were 
conclusive in only one of these cases. Birthmarks were present in seven 
of the nine patients. 

All of the children showed a marked similarity in the general appear- 
ance of the involved extremity (Fig. 2). In practically every instance 
the involved extremity was larger. Frequently, there was an increase 
in the growth of hair, as well as increased sweating in the affected 
region. Dilated and tortuous vessels and enlarged hemangiomatous 
regions were present in all instances, and these findings were very 
prominent in a few eases. 

Treatment.—Four subjects were treated with radium whieh was ap- 
plied over the dilated vessels and angiomatous regions, and two of these 
four subjects (Cases 12 and 14) also had multiple surgical explorations 
earried out at the elinie. The surgical treatment consisted of excision 
of numerous angiomatous regions and ligation of abnormal vessels. 
Surgical exploration was performed on one subject (Case 9). At this 
time angiomatous tissue was removed, but no other treatment was given. 
Two of the patients noted improvement following both radium and sur- 
gical treatment. Owing to the widespread nature of the lesion, appar- 
ently, none of these patients were actually cured. We have no follow-up 
information regarding the other subjects. 


VASCULAR ANOMALIES OF THE LOWER EXTREMITIES 


There were twenty-five subjects in this series, twelve boys and thir- 
teen girls (Tables IV and V). Their ages ranged from 1 month to 14 
years. In fifteen cases the right lower extremity was involved, and in 
ten cases the left lower extremity was involved. The condition was 
noted at birth in thirteen cases. In the other twelve cases the abnor- 
mality of the extremity had been noted from six months to ten years 
after birth. The involved extremity was longer than the normal ex- 
tremity in thirteen patients (Fig. 3). Measurements were recorded in 
eleven of the thirteen cases, while in the other two cases, the involved ex- 
tremity was stated to be longer than the normal extremity, but no actual 
measurements were recorded. The greatest increase in length in the in- 
volved extremity over that of the normal extremity was 5 em. In one 
cease (Case 34), the tibia and fibula of the involved leg were actually 3 
em. shorter than the tibia and fibula of the normal leg. These measure- 
ments were taken from roentgenograms which ineluded both lower ex- 
tremities and which were made when the child was 13 years of age. In 
one instanee (Case 22), the involved extremity was generally smaller in 
circumference, but equal in length and warmer than the normal ex- 
tremity. This patient had an arteriovenous fistula between the femoral 
artery and vein, demonstrable by means of arteriography and confirmed 
at surgical exploration. 
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The blood pressure was not significant in any of these cases, although 
eardiae hypertrophy, grade 2, on a basis of 1 to 4, was present in one 
ease (Case 21). An arteriovenous fistula involving the iliae vessels was 
present in this particular case, and a bruit and a thrill were also present. 
Of the twenty-five cases, a bruit and a thrill were present in four cases, 
and a positive bradyeardiae reaction was present in three eases. Arterio- 
graphic studies were carried out in four eases (Cases 18, 20, 22, and 23). 
All gave evidence of abnormal arteriovenous communications (Fig. 4). 
The surface temperature of the involved extremity was increased in ten 
cases, in six of which it was actually measured. The greatest increase was 
5.4° C. Oxygen studies of the venous blood of the involved extremity 
were carried out in six eases, and a significant increase in the oxygen 
content of the venous blood was noted in four of the six cases. 





Fig. 3 Anterior and posterior views showing congenital arteriovenous fistula of the 
left leg. The leg was larger and longer than the normal right leg. 

The involved extremities in this series of cases were strikingly similar. 
In practically every instance, the abnormal extremity was larger in 
diameter, and there was an inerease in growth of hair and increased 
sweating. Trophie ulcers were not present in a single instance. These 
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almost invariably develop later in life. There was evidence of increased 
vascularity in nearly every case. In many instances, the dilated tortuous 
vessels were prominent, and in several patients these dilated venous sacs 
were observed to pulsate. The presence of a pulsating venous sae always 
indicates the presence of an arteriovenous fistula. Many cases exhibited 
large, thin-walled, dilated venous saes and angiomatous-like tissue which 
was of a spongy character and easily compressible (Fig. 5). When the 





Fig. 5.—Enlargement of superficial veins with hemangiomatous masses of the right 
leg. The photograph was made with infrared technique. 
involved extremity was elevated, the venous engorgement frequently dis- 
appeared to a marked extent and reduced the size of the extremity great- 
ly. In most instances, the venous blood seemed to be under increased 
pressure. When the extremity was elevated, the veins collapsed less 
readily at heart level than did the veins of the normal extremity. In one 
patient (Case 25), practically all the soft-tissue structures in the foot 
seemed to be replaced by dilated, thin-walled venous sacs which were 
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readily compressible. The pelvie structures, as well as the serotum and 
penis, were involved in this case (Figs. 6 and 7). Except for the increase 
in the length of the long bones in a few instances, nothing of significance 
was observed in roentgenologie studies, other than the presence of numer- 
ous phleboliths and swellings of soft tissue. Erosion of the second meta- 


tarsal bone was noted in one ease (Case 20). 





Fig. 6 Marked increased vascularity of the thigh, leg, and penis, with dilated venous 


sacs 


Treatment.—Nine of the twenty-five subjects in this group had radium 
treatment, and two of the nine also had surgical exploration at the clinic ; 
one patient had excision and ligation of vessels in the thigh and ealf of 
the involved extremity (Case 22). A good result was reported two years 
later. The second patient (Case 29) had a tenotomy of the hamstring 
museles and later an osteotomy of the femur to correct a deformity. 


Definite improvement was noted in this ease. In addition, two patients 
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(Cases 26 and 33) had excision of large veins prior to admission to the 
clinic. No surgical treatment was carried out for these patients, and we 
have no follow-up information regarding them. One of them had ap- 
parently been cured prior to admission here. 





Fig. 7. \ roentgenogram of the pelvis of the patient shown in Fig. 6, showing 
multiple phleboliths with mottling of soft-tissue shadows by the vascular anomalies. 
Four additional patients (Cases 18, 20, 28, and 41) had surgical ex- 
plorations here, with excision of accessory vessels and angiomatous tissue. 
One of these four later had an amputation of the foot through the meta- 
tarsal region. A good functional foot was noted six years later. One 
patient (Case 18) had ligation of an arteriovenous fistula between the 
femoral artery and vein. Another (Case 20) had ligation of an arterio- 
venous fistula which involved the dorsalis pedis artery. An excellent re- 
sult was obtained in this ease. Another (Case 41) had a large angioma- 
tous region (7 by 15 em.) removed from the middle one-third of the right 
thigh. No follow-up information was obtainable with reference to this 
ease. One patient (Case 30) had an amputation above the knee here at 
the clinie because the involved extremity was so deformed that it was 
useless. This patient died at home a year later. The exact cause of his 
death was not stated. 
The patient in Case 35 was first observed when 14 vears of age. At 
the elinie she had repeated roentgen and radium treatment over the right 
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thigh. When finally observed at the age of 21 years, she had evidence of 
a malignant neoplasm in the involved extremity, and she died at home a 
few months later, with evidence of widespread metastasis. 





Fig. 8 Hemihypertrophy of the right side of the body illustrates an Increase in 
the size of the right side of the face, as well as an increase in the size and length of 
the right arm and leg. 


When the patient in Case 34 was first observed at the elinie a month 
after birth. it was noted that the involved leg was three times larger in 
cireumference than the normal leg, but apparently not any longer. She 
received numerous radium treatments here at frequent intervals over a 
period of four years. All signs of the vascular anomalies had disappeared 
when she was finally observed here at 13 years of age. The tibia and 
fibula in the involved leg were actually measured and were found to be 
3 em. shorter than the tibia and fibula of the normal leg. This shortening 
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had undoubtedly resulted from the radium treatments over the epiphys- 
eal regions during the growing period. 

The patient in Case 37 showed definite improvement after radium treat- 
ment. The patient in Case 42 did not show any improvement after the 
radium treatment, which had been given at intervals over a period of 
eleven years. This particular patient was last observed in 1938, at which 
time she was 19 vears of age. At that time she had pulsating veins and 
increasing vascularity of the extremity to a marked degree. 

The use of a para rubber bandage to compress the dilated and tortuous 
veins was advised in five cases. This is the best palliative measure which 
we have used for decreasing the blood supply to the involved extremity. 
The patient in Case 19 was treated in this manner, but the involved leg 
was finally amputated six years later (elsewhere) because of repeated 
hemorrhages. No further information was available in the other eases. 


HEMIHYPERTROPHY OF ONE-HALF OF THE BODY 


Two cases of this type were observed, one in a boy 13 years of age, and 
the other in a girl 6 months of age. The right side of the body was in- 
vulved in the first case and the left side, in the second. Both conditions 
had been observed at birth. In the first case there was an irregular eapil- 
lary nevus over the entire body and extremities (Fig. 8). There was a 
definite hypertrophy of the right side of the face, the right leg, and the 
right arm, as compared with the left. The right leg was warmer than the 
left, and dilated veins were present over this extremity. In the second 
‘ase there was definite hypertrophy of the left side of the face, left arm, 
and left leg, as compared with the right side of the body. There was a 
definite increase in the surface temperature of the involved left lower ex- 
tremity, and the latter was longer than the corresponding normal ex- 
tremity. There were three regions with definite capillary nevi present. 
It seems logical to assume that the presence of the increased vascularity 
in the hypertrophied side of the entire body may have resulted in an in- 
crease in the blood supply to this part, and, hence, the basis for the hy- 
pertrophy. 

COMMENT 

The oxygen studies referred to in this paper were carried out acecord- 
ing to the Van Slyke gasometric method.*:* The blood, in each instance, 
was removed from the vein under oil so that it did not come into contact 
with the air at any time. In the making of such studies, it is important to 
have the patient at rest and in a constant environmental temperature 
room ; otherwise, abnormal oxygen content of the veins will be frequently 
encountered, especially during hot summer weather. Furthermore, it is 
important always to remove the blood from the corresponding normal 
extremity, selecting, if possible, a corresponding site so that a com- 
parative study, can be made of the oxygen content of corresponding 
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regions in the normal and in the involved part. Surface temperature 
studies in this series of cases were also made in constant temperature 
rooms, with the environmental temperature at 78° F. and the humidity 40 
per cent. The electric thermocouple, originally described by Sheard,‘ 
was used for this purpose. 

Arteriography—Arteriography now affords perhaps the best method 
of diagnosing early congenital arteriovenous fistula. It was first em- 
ployed at the elinie in 1932,° and most of the arteriovenous fistulas which 
have been observed at the clinie since that time have been studied in this 
manner. The technique, as originally described by one of us (Horton), 
is as follows :°-** 

‘*4 loeal anesthetic agent is infiltrated around either the brachial or 
femoral artery. Ten to twelve cubie centimeters of thorotrast are then 
injected into the artery while the artery is closed either by the use of a 
blood pressure cuff (which is promptly inflated above systolic pressure), 
when the brachial artery is being injected, or by digital pressure just 
proximal to the point of injection, when the femoral artery is being in- 
jected. A 20 gauge needle is satisfactory for this purpose. The thoro- 
trast is injected promptly, and a series of four or five roentgenograms 
is made in rapid succession while the artery is still closed. In making 
arteriograms in eases of either congenital or acquired arteriovenous 
fistula, it is not necessary momentarily to relax the pressure on the artery 
after exposure of each film beeause there is a constant leakage of the in- 
jected medium from the arterial to the venous system by way of the 
fistula or fistulas, depending, of course, upon their size ; if the pressure is 
released, the medium is almost immediately earried out of the extremity, 
and, henee, the arteriogram would be unsatisfactory. 

‘*One can interpret arteriograms properly only when the pathologie 
physiology of arteriovenous fistula is understood. The injected medium, 
like the blood, takes the course of least resistance, which is from the 
artery, through the fistula, to the veins. Even with the brachial or 
femoral artery closed by pressure proximal to the point of injection of 
the thorotrast, there is always leakage of the medium by way of the 
fistula into the veins, and this is invariably present when the first film is 
exposed. When the normal arterial tree is injected, thorotrast does not 
appear in the veins in the first film after injection if the artery proximal 
to the point of injection is kept closed. The demonstration of the opaque 
medium in the first film with the artery closed, therefore, is diagnostic 
of arteriovenous fistula. This corresponds, diagnostically, to the find- 
ing of arterial blood in the regional veins. The amount of filling by 
the thorotrast on the venous side is proportional to the size of the fistula 
or fistulas. If the fistula is large, the opaque medium will pass directly 
from the artery to the vein with little or no filling of the arterial tree 
distal to the site of the fistula. If the fistula is small, only a small amount 
of the medium leaks into the vein. Enough remains in the arterial tree 
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to visualize it completely. However, it is sometimes difficult to deter- 
mine whether a given vessel, whieh has been visualized in a film, repre- 
sents an artery or a vein. This is attributable to the fact that the nor- 
mal characteristies of the vein may have been obliterated because it had 
become arteriatized.’’ 

Bruits and Thrills—In aequired arteriovenous fistula, a bruit and a 
thrill are invariably present, but in congenital anomalies of this char- 
acter, bruits and thrills are usually absent. This is due to the facet that 
the abnormal arteriovenous communications are so small that the amount 
of blood which is short cireuited into the venous system is not sufficient 
to produce disturbances of this character. Hence, if one waits for the 
development of a bruit and thrill before making the diagnosis of an 
arteriovenous fistula, he is likely to miss most of the early cases. The 
presence of a bruit and thrill merely indicates a relatively advanced 
lesion. 

One should have no difficulty in distinguishing between the bruit of 
an aneurysm and that of an arteriovenous fistula. In the ease of an 
aneurysm, the bruit occurs during systole and entirely fades out before 
the next systole. In arteriovenous fistula, the bruit persists throughout 
the cardiac eyele, but is accentuated with each heart beat. One of us 
(Horton) and Baldes™ recently introduced a new photographie method 
for recording bruits. By this method, one ean easily distinguish the 
bruit which is present over an aneurysm from that which is present over 
an arteriovenous fistula, if he is in doubt after listening over such a 
lesion with a stethoscope. 

The diagnosis of a congenital arteriovenous fistula should be relatively 
simple if one has this condition in mind when seeing a patient with a 
vascular anomaly. The involved part, usually the extremity, is invari- 
ably warmer than the corresponding normal extremity, and in children, 
there is almost invariably an increase in the size and length of the in- 
volved part. It is important to make an early diagnosis, for, frequently, 
palliative treatment can be carried out which will help to prevent de- 
formities and other complications which may arise in the course of the 
development of such an anomaly. 


SUMMARY 


A study of forty-four eases of vascular anomalies of the arteriovenous 
type, occurring in children, are recorded in this study. The intra- 
cranial vessels were involved in four subjects; the sealp, face, and neck 
in four subjects; the upper extremities in nine subjects; and the lower 
extremities in twenty-five subjects. In addition, two patients exhibited 
hemihypertrophy of an entire half of the body. All patients were less 
than 15 years of age. The diagnosis of abnormal arteriovenous com- 
munications seemed well established in every instance. Methods of 
diagnosis and treatment are discussed. 
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THE TONIC NECK REFLEX IN NEWBORN INFANTS 


JULIA MEHLMAN, M.D. 
New York, N. Y. 


HE tonic neck reflex as a characteristic response common to man 

and quadrupeds was first described by Magnus in 1924. In de- 
cerebrate quadrupeds, when the head was turned to the extreme right 
or left, there followed an extension of the forelimb on the side toward 
which the head was turned, and flexion of the opposite forelimb. 

Magnus observed some twenty-six normal infants from the ages of 
a few hours to that of 16 weeks, in whom he was unable to induce 
this reflex. However, he did find that the tonic neck reflex existed 
in idiots and patients suffering from extrapyramidal tract lesions. 
Ife coneluded that in man the tonie neck reflex is a pathologie phe- 
nomenon. 

Gesell reported in 1938 that, according to his observations of infants 
during their first twelve weeks of waking life, the tonic neck reflex 
is a normal characteristic spontaneously manifested in the supine posi- 
tion. At 20 weeks, it is normally supplanted by symmetric head and 
arm postures, and marked persistence of the tonic neck reflex beyond 
the first half year is indicative of retarded, arrested, or defective 
development. 

In this study, we undertook to determine the occurrence of the 
tonic neck reflex in newborn infants. During routine examinations 
of infants in the newborn nursery of the Beth Israel Hospital, two 
hundred infants between the ages of a few hours and 9 days were 
tested for tonie neck reflex. Those infants who were crying, sleeping, 
or sucking on their hands were not tested. The infants tested were 
in a quiescent supine position, and while so, their heads were rotated 
gently to the extreme right and left. 

Of the two hundred tested, eighty infants (40 per cent) showed 
the characteristic tonie neck reflex, and one hundred and twenty (60 
per cent) failed to respond in that manner. Twenty-seven infants 
were examined during the first twenty-four hours of life and again 
on the eighth day. Of these, seven were negative on both days, and 
six were positive on both days. Eleven were positive on the first day and 
negative on the eighth day, and five were negative on the first and 
positive on the eighth day. 

In analyzing the totals according to age (Fig. 1), we found that, in 
fifty-one infants from 1 to 24 hours of age, 51 per cent were positive. 
Of fifty-nine infants from 1 to 2 days of age, 36 per cent were positive. 
Twenty-seven infants from 2 to 7 days of age were tested and showed 
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The greatest percentage of positive responses was found in the 1- to 
24-hour age group, these being 33 per cent higher than the group 
of from 9 to 10 days of age, and 14 per cent higher than those from 


8 to 9 days of age. 
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per cent positive. Of fifty-seven infants tested from 8 to 9 days of 
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As an index of maturity, an analysis of the results according to the 
weights of the infants was made (Fig. 2). Seventeen infants whose 
weights were between 5 and 6 pounds were tested. Of these, 47 per 
cent were positive. Sixty-eight infants between 6 and 7 pounds were 
tested, and of these, 54.4 per cent were positive. Sixty-seven infants 
from 7 and 8 pounds in weight were tested, and 32 per cent were 
found to be positive. Of forty-one infants from 8 to 9 pounds in 
weight, fourteen, or 34 per cent, were positive. 

In this group of two hundred examinations, tests were conducted 
on two mongolian idiots, one of whom was tested twice. The first in- 
fant was positive on the second day of life; the second infant was posi- 
tive on the first day of life and negative on the seventh day. 


COMMENT 


In order to obtain infants who ean be tested for the tonic neck reflex, 
it is necessary to observe them for long periods at a time when they are 
awake and quiet, or to observe only those infants who, at the time of 
examination, are in this condition. Even under ideal conditions, they 
may respond momentarily with a quick movement of extension of one or 
both arms. We took as positive only those who maintained the posi- 
tion of extension of the forearm on the side to which the head is turned 
and flexion of the opposite forelimb, for a period of more than two 
seconds. 

Following these conditions, we found that, as a clinical test, the tonic 
neck reflex was of questionable value. 


CONCLUSION 


Forty per cent of two hundred newborn infants who were tested 
for tonie neck reflex showed the characteristic response of extension of 
the forelimb on the side toward which the head was turned. 

Forty-one per cent of the positive reactions occurred in infants less 
than 2 days of age. 

Twenty-seven infants who were tested twice, once during the first 
day and again on the eighth day, showed inconstant responses. 

Both positive and negative results were elicited in the two mongolian 
idiots tested. 
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THYROID THERAPY IN JUVENILE MYXEDEMA 


L. G. Rowntree, M.D. 
PHILADELPHIA, Pa. 


ROBABLY no ordinary glandular deficiency is more frequently 

overlooked than myxedema, especially in its juvenile form. This 
is unfortunate, because nothing in therapy succeeds much more 
brilliantly than does thyroid medication in juvenile myxedema. 

Since the recognition of the role of the growth hormone of the 
pituitary gland, a tendency has arisen to regard an element of 
pituitary deficiency as universally present in all cases of infantilism. 
With this idea in mind, it has become the custom with many physicians 
to treat these cases of dwarfism with a mixture of hormones in which 
the pituitary products are employed generously, but in which the 
thyroid medication is given only in small and inadequate amounts. 
llowever, in juvenile myxedema the deficiency is one of the thyroid 
alone, and thyroid medication only is indicated. Pituitary products 
are not usually necessary. In fact, their addition may befog the issue 
at times and lead to ineffective management unless the amount of 
thyroid is kept sufficient. However, if true iwtiecation for pituitary 
products exists, obviously they should be employed, but not at the 
expense of thyroid therapy. 

Two patients in point are presented, both of whom, in my opinion, 
were suffering from juvenile myxedema. In infaney both were re- 
warded correctly as cases of hypothyroidism. Later both patients were 
placed in the hands of specialists who looked upon them as instances 
of primary pituitary deficiencies and who placed them on mixed 
pituitary and thyroid products. On this management neither patient 
made satisfactory response, but both have experienced phenomenal 
evrowth and normal development when given adequate thyroid therapy 
ilone, or mixed treatment in which the thyroid has been maintained 
at an adequate level. 

The first case concerns a dwarfed child who was brought to me at 7 
years of age. In the seven months prior to seeing me, she had made 
practically no growth. Solely on thyroid therapy in adequate amounts, 
she has grown 20 inches in height and has gained 57 pounds in weight 
during six and one-half years (Fig. 1). 

The second case is in some ways still more remarkable, in that 
growth has been accomplished still more rapidly and at an older age. 
It eoneerns a fat, dwarfed child, 15 years of age, who gained but one- 
quarter of an inch in one year on a mixture of products administered 
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at the hands of an endocrine specialist. This child was lacking nearly 
a foot in height and was 20 pounds overweight for her height. Now, 
after twenty-seven months on adequate amounts of thyroid, supple- 
mented by whole anterior substance by mouth, she has gained 10 
inches in height and is underweight, rather than overweight, for her 
height. Pubertal development has proceeded normally also, and 
menstruation has been established (Fig. 2). 
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Fig. 1.—Growth curve of patient in Case 1. A-B represents three years of mixed 
treatment with an inadequate amount of thyroid; B-C, normal growth from thyroid 
alone. 
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Fig. 2.—Growth curve of patient in Case 2. A-B represents the period of mixed 


treatment with inadequate amounts of thyroid; B-C, normal growth on adequate 
amounts of thyroid supplemented with pituitary therapy. 


The case records are as follows: 
CASE 1.—A white female, aged 7 years, was brought to me June 24, 1933, because 
of her obvious lack of growth. The family history revealed nothing of consequence. 
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The father was tall, and the mother moderately so. The patient had had two at- 
tacks of pyelitis, the first at 13 months of age. At 6 years she had had pneumonia 
complicated by middle ear disease. The patient was said to be mildly anemic. The 
story of infancy is of special interest. After birth the baby suffered from icterus 
neonatorum. She was somewhat tardy in development. Her physician, a pediatrician 
of unusual experience, diagnosed thyroid deficiency and placed her on thyroid extract. 
The first teeth were cut at 16 months of age, and at about the same time she began 
to walk. The child appeared unnaturally short. This became more apparent as 
time passed. She had a peculiar figure—a large torso, sloping shoulders, a pro- 
tuberant abdomen, and pads above the clavicles and at the base of the neck. 
She was bright in many ways, rather coy in nature, more at ease with adults, 
and uninterested in and uninteresting to children of her own age. 

The physical examination revealed a grotesque little figure, 8 to 10 inches short 
of normal, rather ludicrous and somewhat kewpielike in appearance, strange in 
her actions and reactions. She seemed old beyond her years, resembling a big 
doll rather than a little girl, Her height was 39 inches, and her weight, 40 
pounds. The skin was pale and dry. The heart and lungs were normal. The 
protuberant abdomen revealed a small navel hernia. The pulse was slow, varying 
from 70 to 80. The blood pressure was 80/60; the voice was low-pitched, and the 
basal metabolic rate was said to be normal. The blood count was normal, and the 
urinalysis, negative. 

The parents reported that the child had been under the care of an endo- 
crinologist of national reputation who had made a diagnosis of pituitary and 
thyroid deficiency and had prescribed pituitary products in abundance with a 
smal! amount of thyroid. On this treatment the child had grown only one-eighth 
inch during the seven previous months, and the parents were rather desperate, 
fearing permanent dwarfism and possibly something worse. Because of my belief 
that the child was the vietim of juvenile myxedema, she was placed on thyroid 
extract only (Burroughs Welleome), 1 grain daily, which appeared to be all that 
she could tolerate. On this she grew one inch in the next three months, the 
abdominal protuberance decreased, the voice became clearer and higher, the skin 
moist, and there was considerable sweating. The pulse rate increased to 108. 
The parents were delighted with the change in her condition. 

During the following vear the dose was increased and adjusted as indicated, 
between 115 and 2 grains daily. By the end of this year she had gained 4 inches in 
height and 10 pounds in weight; she also developed a much more normal figure and 
was beginning to mix with other children. By March, 1935, after twenty-one 
months, the height gain had been extended to 6%4 inches. 

During the next two and one-half years, the family lived in California part of the 
time and in France for a short period. Growth continued satisfactorily. She im- 
proved remarkably from a psyehie and mental point of view; she led her class, 
skipped a grade at school, and now was generally accepted by other children. At 
10 vears of age she was of good build, and her breasts were beginning to develop. 

By June, 1938, after five years of treatment, she had grown 15% inches and 
weighed 78 pounds. Up to this time her progress had been entirely satisfactory, but 
during the next six months her height remained stationary, with no growth whatso- 
ever. On inquiry the mother admitted carelessness and stated that during this period 
the child had had little or no attention and that thyroid therapy had been sadly 
neglected. Thyroid treatment was resumed, now in doses of 3 grains daily. Growth 
also was resumed, and the patient grew 3% inches during the following year. Bodily 
development progressed also. 

Now, after six and one-half vears, at the age of 15, this girl is of practically 


normal height, 59 inches tall, weighs 97 pounds, has a good color to her skin, a normal 
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figure, and well-marked secondary sex characters. She has a normal personality, 
good scholastic standing, and is accepted as normal by boys and girls of her own 
age. She still continues to take 3 grains of thyroid (Burroughs Wellcome) daily, 


with additional vitamins, especially during the winter months. She has gained a 


total of 20 inches in height and 57 pounds in weight, and has changed from a 
grotesque, backward, strange child to an entirely normal 13-year-old school girl. 

Case 2.—A white girl, 14 years old, was brought to me in October, 1937, because 
of dwarfism and obesity. The family history revealed nothing pertinent. The child 
was born with instrumental delivery. She had always been too fat and was some 
what slow in developing, cutting teeth, sitting up, walking, and talking. Among the 
past illnesses were included measles, whooping cough, chicken pox, pneumonia, 
mastoiditis with operation, and tonsillectomy. At the time of her first visit the child 
was in the eighth grade and was an average student; she liked school but was not 
very acceptable to the other children because of her lack of height and an innate 
slowness in thought and action. As time passed, she tended constantly to associate 
with girls younger than herself. She learned, however, to play the piano and to 
dance moderately well. She complained of nothing other than coldness, most 
marked in her hands and feet. Her parents stated that, on a mixture of endocrine 
products administered at the hands of a specialist, the child had gained but one 
quarter of an inch in thirteen months. 

The present illness really dated from birth. As an infant she was always too 
fat, and was a mouth breather with a large and somewhat protruding tongue. 
Her skin was always pallid. At the age of 4 years hypothyroidism was suspected, 
and treatment with thyroid extract was started by her local physician. 

Physical examination on Oct. 15, 1937, revealed an underdeveloped, fat, pudgy 
girl, 515¢ inches tall, weighing 85 pounds, with a dry, pallid, unhealthy, and 
rather yellowish skin. The findings were negative, except that she lacked about 
12 inches in height and was some 20 pounds overweight for her height. Her 
face was too full, with an open mouth and large tongue. The torso was large 
with pads above the clavicles and in the breast areas. She showed a typical 
potbelly. The thyroid area was somewhat full; her hair was rather thick, and her 
skin, definitely dry. The hands were short, with stubby fingers. Clinically, 
the picture was that of juvenile myxedema. 

The patient was given thyroid tablets (Burroughs Wellcome), 2 to 4 grains 
daily, pablum, anterior pituitary substance (Armour), 3 grains three times daily, 
and White’s concentrate of vitamin D. The diet was restricted moderately, espe 
cially in earbohydrates, and exercise was increased. Within five months she 
had gained 2% inches in height and lost 11 pounds in weight. No untoward 
effects from the thyroid were noted. Her skin became soft and moist. She sweated 
much more than formerly and occasionally complained of heart consciousness, espe 
cially after running. She became much more active and dlert and improved con 
siderably in her school work. At this time it was noted that her breasts were 
starting to develop and pubic hair beginning to appear. By the end of the vear 
her gain in height had mounted to 4% inches while her weight had decreased 
5 pounds. The thyroid intake was increased to 6 grains daily, and the anterior 
pituitary substance, to 18 grains daily. Her school work was improving, and she 
was no longer called ‘‘Fatty.’’ At eighteen months, the gain in height was 
extended to 6% inches, the breasts were enlarging, and she was becoming quite 
shapely. The pulse was 80, and the blood pressure, 110/70. When she approached 
16 years of age, the pituitary substance was increased to 27 grains daily, and 
injections were started with maturity hormone, 1 ¢.c., and later 3 ¢.c., three times 
weekly. At the end of twenty-seven months she had gained 10 inches (to 615% 
inches) in height, weighed 107 pounds, and the secondary sex characters and 


menstruation were well established. Her school work was entirely satisfactory; 
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her blood pressure remained normal. Recently the pituitary substance by mouth 
and the maturity complex by injections were stopped, but the thyroid medication 
is being continued. 

The patient is now about on a par with most of her school friends in height, 
weight, and scholarship, is acceptable to other girls, and is beginning to take an 
interest in boys. In a little over two years she has passed from a conspicuous 
thyroid dwarf to an ordinary, well-developed, attractive high-school girl. This 
has been accomplished without the appearance of untoward effects of any 
kind. The thyroid therapy, we believe, is largely responsible for the major part 
of the growth, while the pituitary products, particularly the maturity complex, 
would seem to have been helpful in bringing on menstruation. 


COMMENT 
The vital consideration in juvenile myxedema is an adequate supply 
of thyroid. In addition, careful attention should be directed to all 
matters pertaining to general health, diet, vitamins, exercise, rest, ete. 
Pablum is also of considerable value. If other endocrine products are 
indicated, they should be employed. They should not be used, however, 
at the expense of thyroid therapy. 


We wish to express our thanks to the American Philosophical Society for 
financial support from the Daland Fund. 














ENVIRONMENTAL AND PERSONALITY PROBLEMS IN THE 
TREATMENT OF DIABETIC CHILDREN 


Hae F. Suiruey, M.D., San Francisco, CAuir., AND 
Ina May Greer, Iowa Crry, Iowa 


HE introduction of modern methods of treating diabetes mellitus 

has not only made it possible for diabetic children to enjoy a nor- 
mal life, but has also brought into the management of diabetic chil- 
dren many problems which have not been given sufficient recognition 
in the pediatric literature. The necessity for a continuous, strict 
therapeutic regimen—measuring the diet, administering proper doses 
of insulin, and giving frequent chemical tests to guard against shock 
and acidosis—has frequently taxed the resources of both parent and 
child. Also, in its capacity as a specific, insulin has often given 
parents a false sense of security, which has resulted in neglect of 
other factors in treatment. The result has been to bring to the fore, 
particularly in children from underprivileged families, the importance 
of environmental and personality problems. Interfering with medical 
treatment and the satisfactory adjustment of the child to his illness as 
they do, faulty attitudes of parent and patient frequently have to be 
corrected. The Department of Pediatrics of the University of Iowa 
has long recognized the importance of these problems and has referred 
most of its diabetic children to our clinic. This paper is a study of 
the problems which these children presented. 


CASE MATERIAL 


During the twelve years from 1926 to 1938, the Department of 
Pediatrics of the University of Iowa referred 155 diabetic children to 
the Department of Psychiatry. Seventeen were under 5 years of age, 
thirty-nine were from 5 to 10 years old, eighty-six- were from 10 to 15, 
and thirteen were from 15 to 18. Nearly all of the children were in- 
digent cases and from families of the lower economic levels. Intelli- 
gence quotients were obtained on all but four, and their I.Q.’s, on the 
whole, were slightly below the I1.Q’s obtained by Terman? on 1,000 
unselected children. Eighteen were very retarded mentally, seven 
being morons and eleven having borderline intelligence. Thirty-four 
were classified as dull normal, sixty-six as average, twenty-one as 
superior, and twelve as very superior. All were seen at least once by 
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the psychiatrist, and many of them (forty-three), several times. Five 
were admitted to the Psychopathic Hospital for further study or treat- 
ment. Pediatric social service follow-up studies were available and 
reviewed in 139 cases. Of these 155 diabetie children, ninety-four 
presented problems of psychiatric interest at the time of the first 
examination. In twelve others, difficulties arose later- 


ENVIRONMENTAL PROBLEMS 


One of the most common problems faced by the pediatrician and 
pediatrie social worker was the economic inadequacy of the parents. In 
at least sixty-one families, the supply of insulin or the special diet 
meant a financial burden, and thirty families at times had to have aid 
from relief agencies. The social service correspondence is full of 
stories of valiant efforts to arrange financially for adequate care of 
the child, and not infrequently the child suffered because the county 
residence was in doubt or the local relief agency was discouraged with 
the family. 

Extremely unwholesome home environments also very frequently 
complicated the diabetic treatment. Twenty-two homes were broken 
by the death of a parent, divorcee, separation, or desertion. Fourteen 
parents were sufficiently inadequate intellectually to make it difficult 
or impossible to give them a thorough understanding of the manage- 
ment of diabetes. Twenty-four fathers contributed to home instability 
by misbehavior such as excessive alcoholism, cruelty, shiftlessness, in- 
fidelity, or chronic complaining. Fifteen mothers were emotionally 
very unstable. Five children had to be placed in boarding homes, and 
foster home placement was considered in several others but could not 
be carried out. 

Parental attitudes which interfered with adequate diabetic treat- 
ment were common in this group of children. Frequently, well-mean- 
ing but thoughtless parents discouraged the child in cooperation with 
treatment or in his adjustment to his illness. The prevention and 
correction of these faulty parental attitudes was one of the principal 
tasks of the psychiatrist and social worker. 

Most parents, of course, were more or less appalled when they dis- 
covered that their child had an incurable disease which would always 
require a most strict and tedious therapeutic regimen. In several the 
reactions were excessive. One mother collapsed and complained that 
she would never be able to care for her child. Another felt that she 
was ‘‘going to pieces,”’ and for a while she hired a stranger to take 
charge of the treatment. One complained that the loss of her home, 
her financial difficulties, and having a diabetic child were simply more 
than she could bear; one, whose husband was a diabetic, felt that two 
diabeties in the family was too much of a strain on her. Not infre- 
quently the mother’s fear that she was ineapable of learning the diabetic 
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routine had to be overcome. One mother came to the Children’s Hos- 
pital quite perplexed and apprehensive because she had been trying 
unsuccessfully to figure out the proper diet from medical textbooks. In 
cases such as these, therapeutic efforts were directed toward encourag- 
ing the parents and reassuring them of the hopeful prognosis if they 
cooperated with the pediatricians. 

Occasionally a parent was reluctant to accept the diagnosis or the 
recommended treatment. The father of one 8-year-old girl would not 
accept the diagnosis, refused to allow insulin to be given, and con- 
sulted a quack who put her on a high sugar diet, manipulated her 
spine three times a week, and assured the parents at each visit that 
she was getting better and better. Her nutritional state, however, 
became so serious that the mother finally prevailed upon the father 
to allow the Children’s Hospital to assume care of her. Another 
mother insisted that the disease could be cured and resorted to patent 
medicines. It was frequently necessary to warn parents against the 
use of nostrums and to explain to them why they could not be effective. 

The parents of twenty-nine children were uncooperative. Some of 
them assumed a cooperative attitude in the presence of physicians but 
did not attempt to carry out recommendations at home. Others were 
frankly uncooperative. One mother, despite frequent urgings, refused 
to provide medical attention for her poorly controlled boy, until an 
acute illness made this imperative. One 1l-year-old girl was not re- 
turned to the hospital for five years, during which period her diet was 
not increased. The parents of a 14-year-old girl, who had been told 
by their family physician that she could not live more than two years, 
would not bring her back to the hospital for regulation because they 
had heard that, when patients died in the University Hospital, not 
only were autopsies performed, but the bodies were turned over 
to students for dissection. All attempts to shake these parents in 
this belief were unsuccessful, and, as the home physician had pre- 
dicted, the girl died in two years. Occasionally parents were resentful 
and even belligerent when pediatric social workers visitéd the home. 

Another faulty parental attitude which was frequently present to a 
greater or less degree was an oversolicitous, overprotective one. Before 
one 12-year-old boy the mother kept Saying such things as, ‘‘Poor boy, 
to think that he had to come to this,’’ ‘‘ Poor child, he’ll never be well 
any more,’’ and ‘‘Poor little fellow, I feel that life hasn’t much for 


%? 


him now. This mother later, however, behaved more sensibly, and 
the boy can be used as an example to such mothers because now, seven 
years later, he is attending college and making an excellent adjust- 
ment. One mother kept telling her boy when she gave him his insulin 
that she wished she could take it for him, and another commiserated 
with her child because he could not eat everything like other children. 


Another mother, who treated her 14-year-old boy as if he were an 
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infant, kept praying for the ‘‘light,’’ frequently expressed the hope 
that she might stay well so she could care for him, and often talked of 
letting the Lord have his way. When it was pointed out to her that 
she should rather be encouraging independence and self-reliance in 
the boy, she said, ‘‘Oh, you don’t understand; he’s my boy.’’ Such 
parental attitudes sometimes resulted in spoiled-child reactions, so 
that the child felt abused, refused to stay on his diet, and objected to 
the insulin. In many cases it also encouraged the child to consider 
himself an invalid, to resort to physical complaints, and to fail to 
develop those feelings of self-confidence and self-reliance which are so 
necessary if he is to overcome his handicap and make a satisfactory 
adjustment. In this group of diabetie children the parents were 
routinely urged to treat the child as nearly as possible as a normal 
child, to assume a matter-of-fact but firm attitude toward his treat- 
ment, and to encourage him to take his part in school, athletics, work, 
and social activities. 

An attitude of indifference in the parents was frequently encoun- 
tered and was often most difficult to overcome. This resulted in care- 
lessness or negligence in carrying out the diabetic regimen. Weighing 
diets, giving insulin, and testing urine became monotonous after a 
few months or years, and occasional slight deviations from the routine 
erew in frequency and proportion until the parents were guessing at 
the diet, administering insulin irregularly, failing to test the urine, 
and neglecting to return the child regularly for medical checkups. 
The importance of conscientious adherence to the routine had to be 
stressed constantly with some parents, and sometimes an acidosis or 
serious illness was experienced before they could be shaken out of 


their indifference. 
PERSONALITY PROBLEMS 


Perhaps the greatest usefulness of the psychiatrist to the pediatri- 
cian in the management of diabetic children is his function of studying 
the personality of the child, and his efforts to prevent and correct atti- 
tudes and behavior in the child, which may interfere with his treat- 
ment, happiness, or social adjustment. 

The most frequent complaint for which the diabetie child was re- 
ferred to the psychiatrist was his failure to adhere strictly to his diet. 
Although these children were given diets which satisfied their needs 
and contained a wide variety and choice of foods, a fundamental 
requisite of satisfactory diabetic control was that they eat all of the 
calculated diet at each meal and no more. Breaking the diet was a 
more or less serious problem with thirty-seven children. Some stole 
candy and fruits. Some could not resist the temptation to indulge 
in delicacies when the opportunity arose at school or at parties. Sev- 
eral who came to the Children’s Hospital with a history of stealing 

















‘SHIRLEY AND GREER: DIABETIC CHILDREN 779 


food were on inadequate diets and were actually hungry. One 11-year- 
old boy had been practically starved for eight years before his admis- 
sion. He ate everything he could lay his hands on and always ad- 
mitted it. An 1l-year-old girl who was accused of stealing sweets had 
not been returned to the hospital for five years, and in this time her 
diet had not been increased. In such cases, the provision of an ade- 
quate diet usually solved the difficulty. In others, carefully explain- 
ing the reasons for strict diabetic control, appealing to the child’s 
pride and ambition, and placing responsibility squarely on the child 
were sometimes effective. A 15-year-old boy was most difficult to 
regulate until the full responsibility for his care was placed upon his 
own shoulders. His pride seemed touched when he was trusted to send 
daily reports to the pediatrician. There were a few of these children, 
however, who seemed to be so utterly irresponsible that no kind of 
appeal was effective. Several, in addition, presented serious antisocial 
behavior, and four were committed to training schools. 

Fortunately, in only five children was finicalness, dislike for essen- 
tial foods, or refusal to eat an outstanding complaint. These problems 
were best handled by a period of hospital training during which the 
child was removed from an oversolicitous mother and allowed to as- 
sociate with children who gobbled up their food. Improvement in 
the general physical condition also tended to improve the appetite. 

Although, when they were first seen by the psychiatrist. most of the 
children seemed to accept their illness without much concern, a few 
were obviously discouraged and felt seriously handicapped. One 12- 
year-old girl said that at times she felt like screaming and tearing 
things up, although she never did so. Another girl said that she might 
as well be dead as have diabetes, and still another exclaimed, ‘* What’s 
the use? I won’t live long anyway.’’ <A 17-year-old boy who was 
referred because for two years he could not be made to stay on his diet 
or take his insulin regularly said that he didn’t see any reason why 
he should control his diabetes as he didn’t care whether he lived or 
died. This boy, deserted by his mother six years before, felt un- 
wanted in his sister’s home and subsequent boarding homes. He was 
also extremely sensitive about an alopecia totalis which he had had 
since the age of 3. He felt that nobody cared for him and that every- 
body stared and laughed at him. He was admitted to the psycho- 
pathic hospital and responded nicely to friendly encouragement. His 
mother was located, arrangements were made for him to live near 
her and attend an industrial school, and for over a year now he has 
been cheerful and very conscientious in the regulation of his diabetes. 
Two children were unhappy because they felt they were financial bur- 
dens on their families. Six were ashamed of their diabetes and were 
inclined to withdraw from social contacts; one girl wanted to stay 


away from school. Three children objected to taking noon insulin at 
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school; one of them because he thought the boys would consider him a 
sissy, and another because he felt the children looked at him in a 


funny way. 

There was the tendency in some children to abandon the struggle 
by refuge in physical complaints. Several looked upon themselves as 
invalids, demanded special privileges, refused to face-unpleasant situ- 
ations, and became very badly spoiled. One girl became irritable, 
bossy, developed a bad temper, and taunted her mother by saying that 
she could do as she pleased and that her mother could not punish her 
because she was a diabetic. The mother, after seeking medical reas- 
surance as to this, manually demonstrated the incorrectness of her 
daughter’s theory, and the girl soon ceased to be a problem. Two 
children feigned shocks in order to control their parents. The treat- 
ment of this kind of problem was largely a matter of advising the 
parents. 

Feelings of inferiority and inadequacy were most prone to come 
to the fore when the adolescent diabetics were beginning to make 
plans for their lifework. The problem of vocational training has pre- 
sented itself to the pediatricians in twenty of these 155 children, and 
the pediatrics department has been making every effort to encourage 
these young people to make the fullest use of their assets in suitable 
vocations and doing what it can to help make their training possible. 
Five have been referred to the state vocational rehabilitation board. 

A study of the course of these diabetic children as revealed in the 
pediatric records indicates that better diabetic control is to be desired. 
Of 1,150 hospital observations on 100 of these children, followed on 
the average a little over four years, in only 5 per cent was the 
diabetes considered by the pediatricians to be well controlled; in 48 
per cent it was fairly well controlled; in 41 per cent it was poorly 
controlled, and in 6 per cent there was practically no control. Ap- 
proximately one-third of the children could be considered, on the 
whole, well or fairly well regulated. Another third showed unsatis- 
factory regulation at times, and about one-third was usually poorly 
regulated. Twelve of the 155 children are now dead. Such facts 
present a serious challenge to the child psychiatrist. 

CONCLUSIONS 

A study of a group of 155 diabetie children shows that, in addition 
to the purely medical procedures, the treatment of diabetes mellitus in 
childhood is often complicated by unsound economic conditions, un- 
wholesome home environments, faulty parental attitudes, and poor 
cooperation and handicapping reactions on the part of the child. 


Suecessful treatment of diabetes in childhood depends upon a long- 
range, well-planned program which includes: careful evaluation and 
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treatment of economic, social, home, personality, and behavior prob- 
lems; thorough instruction of the parents in the management of the 
child; maintenance of the closest cooperation of parents and child; 
prevention and correction of faulty parental attitudes, such as dis- 
couragement, oversolicitude, and indifference; and, finally, constant 
encouragement of the child to live a normal, happy, and useful life 
despite his handicap. 

The needs of these children challenge the best that mental hygiene 
has to offer. 

The authors wish to express their indebtedness to the Department of Pediatries 
and to the Pediatrie Social Service of the Children’s Hospital, Iowa City, for the 
use of their records during the preparation of this paper. 
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FLUORINE, MOTTLED ENAMEL, AND DENTAL CARIES 


H. TrenpLtey Dean, D.D.S. 
WasHInNGTon, D. C. 


INTRODUCTION 


URING the past few vears a number of articles, epidemiologic, bio- 

chemical, and experimental, have pointed to the possible relation of 
fluorine to dental caries. This hypothesis is by no means new. In 1892 
Crichton-Browne' speculated on the possibility that the marked increase 
in the prevalence of dental caries in the England of that time was due, 
at least in part, to a deficieney of fluorine in the diet. MeClendon,? in 
1923, theorized that sound teeth probably contain more fluorine than 
carious teeth, a view which Armstrong and Brekhus* have apparently 
substantiated by chemical analyses. 

The causative factor of mottled enamel, fluorine, was not disclosed 
until 1931," °* but long before this time curious workers in the mottled 
enamel field were commenting upon the relationship of mottled enamel 
to dental caries. The first thorough study of mottled enamel, that of 
Black’ and MeKay* at Colorado Springs and including the Pike’s Peak 
watershed, reported as early as 1916 that, in regard to dental caries, the 
teeth of these children compare favorably with those of other communi- 
ties where endemie mottled enamel is unknown. MeKay also recorded 
that mottled enamel in itself did not seem to increase the susceptibility 
of the teeth to decay, commenting that such a condition is perhaps con- 
trary to what might be expected, considering that the surface of mottled 
enamel teeth is much rougher than that of normal enamel. Black 
wrote of the difficulty of successfully filling carious mottled enamel teeth 
and stated that, although the percentage of carious teeth is less than 
in nonendemie areas, probably a greater proportion of filled teeth is 
eventually lost because of the difficulty of retaining fillings in the hypo- 
plastic tooth structure. 

The qualitative aspects of this phenomenon have also been discussed 
by workers of other countries. Masaki,® who has studied mottled enamel 
in the southwestern part of the Japanese archipelago, states in the Eng- 
lish abstract of his original report: ‘‘It is also remarkable that the 
percentage of dental caries is comparatively small among those who 
suffer this abnormality.’’ The number of observations upon which this 
generalization was based is not stated in the abstract. The lessened 
prevalence of dental caries among children in the endemie areas of Mal- 
don and Heybridge, Essex County, England, has been reported by Ains- 
worth."® He states that the condition of the teeth of the 214 children 
examined in the Council schools at Maldon and Heybridge was generally 
good and well above the average for Council schools." He specifically 
notes that ‘‘there was relatively little caries: 7.9 per cent of the perma- 

From the Division of Infectious Diseases, National Institute of Health. 
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nent teeth were carious, as compared with an average in all districts 
examined of 13.1 per cent; and 12.9 per cent of deciduous teeth were 
carious against 43.3 per cent in all districts.’’ These percentages are 
reported" as corrected for age. 

Mottled enamel in the Argentine Republic has been studied extensively 
by Erausquin.’”? He states that there appears to be an inverse variation 
between dental caries and ‘‘dientes veteados,’’ the name by which 
endemic dental fluorosis (mottled enamel) is known in the Argentine. 
He adds, however, that the findings were not conclusive on the basis of 
the limited number of areas studied. 

EARLY MOTTLED ENAMEL-DENTAL CARIES STUDIES 

Two studies restricted to the mottled enamel-dental caries relationship 
were made in that period prior to the discovery of the etiological factor 
of mottled enamel, fluorine. 

The first attempt to study specifically dental caries in an endemic 
mottled enamel area was that of Bunting, Crowley, Hard, and Keller 
in 1928.°° This study* was made at Minonk, IIL, a community whose 
domesti¢c water supply several vears later was found to contain 2.8 parts 
per million of fluorides (I)..* No conclusions were drawn from the 
survey other than ‘‘the behavior of dental caries and the presence of 
B. acidophilus in the mouth are somewhat different to those which exist 
in other localities.’’ Bunting and his associates further recorded: ‘‘In 
regard to the prevalence of dental caries among these children the per- 
centage of those affected was about the same as would be found in any 
community, but although caries occurred in the mouths of most children, 
its extent and activity were remarkably limited. The great majority of 
cavities consisted of small pit and fissure lesions in the molars, and 

TABLE I* 
VARIATION IN PREVALENCE OF DENTAL CARIES IN NORMAL AND MorrLtep ENAMEL 
TEETH OF THREE ENDEMIC AREAS, ACCORDING TO McKay 


TOTAL NUMBER OF TEETH EXAMINED AND PERCENTAGE 
no. or | NUMBER | WITH DENTAL CARIES 
cHutp- | OF PER - - - 
OCALITY MANENT ALL TEETH MOLAR TEETH 
— | REN EX) EeTH | NUMBE -ER MBER KR 
AMINEDt] © ~~ | TEETH NUMBEK| PER |NUMBER| PER 
x | EX CENT EX- | CENT 
| AMINED | AMINED CARIOUS] \MINED |CARIOUS 
Towner, Colo. vd |} 1,264 Normal | S79 11 | 254 | cy 
(pop. 154, 1930)| | Mottled en- 8385 | Y lol | 33 
amel 
Bruneau, Idaho 54 1142 |Normal 356 16 | C126 O|sC4 
(pop. 481, 1930) |Mottled en- | 797% 8 913 40) 
| amel 
Pima Indian | ~ 7s | 2,178 |Normal PR 22 a9 57 
School, Sacaton, | Mottled en 1,895 | 14 | 529 45 
Ariz. (pop. un- amel 
| | 
stated ) | | 


*Pub. Health Rep. 53: 1443, 1938. 

t+Age, sex, color, continuity of residence, and constancy of exposure to the mottled 
enamel-producing waters are not recorded in the report. 

tPresumably, eleven deciduous teeth were included in this total (797): all other 
teeth referred to are apparently permanent teeth. 





*In addition to the authors, others who took part in this study were: Frederick S 
McKay, New York City; Frederick Noyes and E. H. Hatton, Chicago; Philip Jay, 
Rochester, N. Y., and Martha Jones of California. The bacteriologic studies were 
carried out in duplicate, one by the Michigan group, the other by Dr. Philip Jay. 
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seldom did caries extend beyond that stage. In this respect the behavior 
of dental caries in the mouths of these children is distinetly different to 
that which usually oceurs.’’ 

Their introductory remark—‘‘that there may be some principle in 
the drinking water which either inhibits the activity of dental caries 
or protects the teeth from injury’’—takes on an added significance 
in the light of what is to follow in this paper in the section devoted 
to experimental caries and biochemistry. 

In 1929, MeKay** attacked the hypothesis that ‘‘defective’’ enamel 
structure predisposed to dental caries by citing as evidence the observa- 
tion that mottled enamel teeth, which probably constitute ‘‘the most 
poorly constructed enamel of which there is any record in the literature 
of dentistry,’’ do not appear to show any greater liability to dental 
varies than do normally calcified teeth. MeKay’s report refers to the 
studies at Minonk, Ill., previously referred to; those at Bauxite, Ark. ; 
Towner, Colo.; Bruneau, Idaho; and the Pima Indian School at Saca- 
ton, Ariz. Certain tabulated data from the three last-named places are 
included in MeKay’s report; Table I has been compiled from certain 
of these data. 


EXPERIMENTAL CARIES AND BIOCHEMISTRY 


The first instance of the production of carious-like lesions in a rat’s 
molar teeth by means of experimental feeding is generally attributed to 
Shibata,?® who fed a diet containing unground rice and greens mixed 
with various sugars. That coarse ground corn meal will produce similar 
lesions was first shown by Hoppert, Webber, and Canniff."* The etiology 
of this induced rat caries has been studied extensively by Rosebury, 
Karshan, and Foley; the major findings of their numerous papers have 
been summarized recently by Rosebury.’* These investigators and 
several others have collected much data with respect to dietary variations, 
ineluding minerals, vitamins, fats, carbohydrates, and proteins as fae- 
tors in the rat’s response to a caries-producing diet. From the evidence 
thus far presented, it may be concluded that the production of experi- 
mental caries in rats is modified to a greater or less degree by the factors 
studied, but it has not been demonstrated that these factors generally 
offer much prospect as significant agents in a far-reaching control of 
human dental caries. 

It remained for Miller’® to show rather strikingly that induced rat 
caries may be largely prevented by additions of sodium fluoride or eal- 
cium fluoride or iodoacetic acid to the rat’s food and water. Miller thus 
demonstrated for the first time that it is possible to inhibit induced caries 
in rats by means of two substances noted for their antienzymatie quali- 
ties. Prior to Miller’s publication, there had appeared in the literature 
(Fosdick and Hansen,”° Klein and Palmer," and Dean**) speculations 
as to earies prevention by fluorine in drinking waters, acting as an 
enzyme inhibitor of any carbohydrate degradation which might be 
involved in human tooth decay. Miller’s results with respect to fluorides 
have been confirmed by Finn and Hodge.?°* 

*With regard to the reports of Miller, Finn and Hodge, and Cheyne, attention might 
be called to the fact that some doubt may arise as to the effects obtained until the 


rat's molars have been carefully diagnosed as in ground sections or in decalcified sec- 
tions. 
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Some further light has been thrown upon the mechanism of fluoride 
prevention, as well as upon the etiology of rat caries itself, by study of 
the oral flora of the rat. Thus Harrison** has reported a temporary 
reduction of lactobacilli from 18 per cent to 3 per cent and 1 per cent in 
terms of the total acidogenic organisms associated with iodoacetie acid 
and fluoride feeding, respectively. Harrison®® reported on more studies 
of this nature at the 1939 Annual Meeting of the American Association 
for the Advancement of Science, and in the abstract of his paper, he 
states that the inclusion of fluoride and iodoacetice acid ‘‘resulted in a 
sharp decrease in the numbers of lactobacilli cultivable from tooth 
surfaces.”’ He further adds: ‘‘The cultures obtained from suspensions 
of ground normal rat teeth correspond with surface cultures in the 
variety and proportions of microorganisms. The flora of teeth in which 
‘avity development was inhibited by fluoride or iodoacetate approxi- 
mated that of normal teeth. Although in the surface flora lactobacilli 
and perhaps staphylococci appeared to be associated with the develop- 
ment of caries, streptococci predominated in cultures of ground tooth 
suspensions when gross carious cavities were present.’’ 

A reduction of induced rat caries by replacing whole milk powder 
with casein in the diet has been reported by Lilly,?* but not confirmed 
by Finn and Hodge.** The possibility of contamination of his casein by 
fluorine is suggested in Lilly’s results in view of the article of Hodge, 
Luee-Clausen, and Brown*’ reporting fluorosis in rats due to fluorine con- 
tamination in a batch of commercial casein. 

The role of the saliva in caries prevention by fluorine feeding may 
be assessed in part by the report of Cheyne,?* who found that in the 
absence of saliva (rats with extirpated salivary glands) fluoride is still 
an effective inhibitory agent. 

The significance of the results recently presented by Cox, Matuschak, 
Dixon, Dodds, and Walker®® as regards fluorine in the diet remains 
somewhat in doubt. By means of data covering the incidence of caries 
in the offspring of female rats, with and without small additions of 
fluorine in their diet, Cox and his associates seek to show that caries 
resistance is ‘‘built into the enamel’’ by fluorides. This hypothesis 
would appear to need more adequate demonstration. It has been 
shown that rats fed at an age when their molars are almost completely 
erupted and calcified do not develop carious lesions under fluoride 
feeding. It is not to be overlooked in these regards also that iodo- 
acetic acid, a caries-preventive, probably does not become a part of the 
enamel. At present it would seem that quantitative epidemiologic studies 
involving populations exposed to waters of high fluoride coneentration 
during the period of tooth calcification, followed by exposure during 
the posteruptive period to waters low in fluorides, and populations 
whose teeth ealcified while they were using waters practically free of 
fluorides, followed during the posteruptive tooth period by exposure to 
high fluoride waters, are needed to clarify this question as it relates 
to human populations. 

Until results were presented by Armstrong* and Brekhus® with re- 
spect to the fluorine content of human enamel and dentine, there was no 
eertain evidence of any relationship between the chemical composi- 
tion of enamel and dentine and the tooth’s resistance to dental caries. 


*See also an earlier report of Armstrong on the fluorine content of enamel and 
dentine of sound and carious teeth (Proc. Am. Soc. Biol. Chem. 8: 5, 1937). 
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According to these workers, the enamel of sound teeth has a mean 
fluorine content of 0.0111 + 0.00203 per cent fluorine, while the enamel 
of carious teeth contains 0.0069 + 0.00111 per cent fluorine. Dentine 
showed less striking differences; dentine of sound teeth equaled 
0.0169 per cent fluorine, as compared with carious teeth dentine which 
contained 0.0158 per cent fluorine. Even in the same person Arm- 
strong and Brekhus found sound enamel to contain approximately 
40 per cent more fluorine than carious enamel. 

From a study of results recently reported, it might be argued that 
the enamel with more fluorine is resistant by virtue of a lessened solu- 
bility (Volker*’) and also an acquired antienzymatie property (Bibby 
and Van Kesteren**). 

At present it is apparent that there exist at least two different 
hypotheses, not widely divergent, however, respecting the anticaries 
property of fluorides. The one looks to the content of fluorine in the 
enamel to provide for a more acid-resistant or antienzymatice tooth 
material; the other relies upon a more direct surface phenomenon, 
possibly antienzymatie or bactericidal, due to fluorides in food deposits 
or in contact with tooth surfaces. Much experimental work remains to 
be done before the mechanism of this prevention is understood. 


EPIDEMIOLOGIC STUDIES 


In 1938, Dean*? pointed out an inverse variation between endemic 
dental fluorosis (mottled enamel) and dental earies. Observations 
made in six cities on a selected sample of 236 9-year-old children con- 
tinuously exposed to waters of different fluoride concentration, with 
the history of exposure personally verified in each instance by an inter- 
view with the child’s parent, indicate a higher percentage of caries-free 
children in those communities where the domestic water supplies con- 
tain higher fluoride (IF) concentrations than in communities using 
waters with lower fluoride content. This relative freedom from dental 
caries was present (a) in deciduous teeth as well as the permanent 
teeth, and (b) whether or not the child showed macroscopic evidence 
of mottled enamel. The pertinent data of this study are shown in 
Table I. 

TABLE II 
NUMBER AND PERCENTAGE OF CARIES-FREE 9-YEAR-OLD, CHILDREN OF Stx SELECTED 
CITIES, CLASSIFIED ON THE BASIS or ConTINVOUS ExposuRE TO DOMESTIC 
WATER OF LOWER AND Higuer FLvoRIDE CONCENTRATION 


























FLUORIDE (F) oom 
CONTENT OF roTal CARIES-FREE CHILDREN 
WATE. | NUMBER 
UB d N a 
— CHILDREN | 
ee EX- ALL TEETH | PERMANENT DECIDUOUS 
PARTS PER a 
AMINED | Se So pn 
MILLION | NUMBER |PER CENT] NUMBER |PER CENT| NUMBER |PER CENT 
0.6-1.5* 114 | 5 | 4 30 26 13 1] 
7-2.5 ; i 22 60 49 38 31 





*Original report notes that water supply listed as 1.5 (East Moline, Ill.) may be 
subject to correction to 1.3 parts per million. 


It is a well-known fact that deciduous teeth are seldom affected with 
mottled enamel. In the data shown in Table I, only three children, 
all of Colorado Springs (2.5 parts per million), showed even the 
mildest type of mottled enamel in their deciduous teeth, generally in 
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the second deciduous molars. Of the 122 children in the higher fluoride 
water group, 60 were caries-free with respect to the permanent teeth. 
Of these 60, 33, or 55 per cent, were affected with mottled enamel. 
In the whole group (122), the incidence of mottled enamel was 53 per 
cent. These observations suggested that the limited-immunity-pro- 
ducing factor present in the water was operative whether or not the 
tooth showed macroscopic evidence of mottled enamel. 

The disclosure of an inverse relation between the prevalence of 
dental caries and the fluoride concentration of the domestic water 
supply in children with a verified continuity of exposure raised the ques- 
tion of the kind of relationship between these two variables in larger 
and general population groups. From Publie Health Bulletin No. 226% 
(a dental survey of school children from 6 to 14 years of age made in 
twenty-six States in 1933-34), the dental caries rates of 8,148 South 
Dakota white children from 12 to 14 years of age were computed and 
correlated with the geographic distribution of endemic dental fluorosis 
in the state.** Briefly, the study showed that, in the four counties and 
the city of Aberdeen where mottled enamel is generally prevalent, an 
examination of 1,902 white children, from 12 to 14 years of age, 
disclosed 201 carious permanent teeth per 100 children. In _ the 
intermediate group of seven counties where the mottled enamel dis- 
tribution is uneven and at times sporadic, the examination of 2,765 
children showed 314 carious permanent teeth per 100 children; 
and in the third group consisting of seven counties and the cities of 
Huron. and Sioux Falls, where no endemic areas are known to exist, 
an examination of 3,481 children showed 415 carious permanent teeth 
per 100 children. These data indicated that the amount of dental 
caries in this particular population was inversely proportional to the 
prevalence of mottled enamel. 

The same method of study was applied to the data pertaining to 4,945 
white children, from 12 to 14 years of age, of eight Wisconsin cities. 
In seven cities where the public water supply contained fluorides (F) 
in amounts ranging from 0.1 to 0.5 parts per million, the amount of 
dental caries was double and treble that recorded for Green Bay 
where the water supply contained 2.3 parts per million of fluorides (F). 


EPIDEMIOLOGIC STUDIES IN ILLINOIS 


A report in 1939 by Dean, Jay, Arnold, McClure, and Elvove* lent 
much additional support to the fluorine-dental caries hypothesis. Be- 
cause of the marked influence of this study on the fluorine-dental caries 
problem, it will be described in some detail. The survey included four 
Illinois cities: Galesburg and Monmouth where the communal water 
supply contains 1.8 and 1.7 parts per million, respectively; and the 
nearby cities of Macomb and Quincey where the common water sup- 
plies are relatively free of fluorides (0.2 part per million). At Gales- 
burg and Quiney, stimulated saliva samples were collected from ap- 
proximately 200 children in each city, and a quantitative estimation 
of the Lactobacillus acidophilus was made. In addition, saliva samples 
of 145 children of these two groups were forwarded to the National 
Institute of Health for a determination of the amylolytic activity. 

Plan of Study.—F actors such as age, sex, and color are known to 
influence the amount of dental caries in a given group of children. Ex- 
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tensive experimental work in the field of nutrition, including controlled 
human experiments, point to diet, especially the carbohydrate intake, 
as a factor of importance. Factors such as latitude and sunlight have 
been suggested by some.**** In planning this survey, an attempt was 
made to take account of these variables in so far as possible. The elin- 
ical examinations were limited to 12-, 13-, or 14-year-old white children, 
with continuity of risk of exposure to the variable being studied. It was 
thought that the magnitude of the sample at Galesburg and Quincy 
and the inelusion of practically all children possessing the requisites 
of continuous exposure at Monmouth and Macomb would largely 
equalize dietetic variations within the groups. The proximity of the 
cities themselves, located as they are in the flat prairie country of 
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Fig. 1.—Location of the four Illinois cities. 


the western part of north central Illinois, should largely eliminate 
differences in sunlight intensity. A five-year summary of the available 
data concerning the number of clear, partly cloudy, and cloudy days 
discloses a general uniformity in this type of climatologie data. In 
1930 the populations of Galesburg, Monmouth, Macomb, and Quiney 
were approximately 88, 91, 97, and 93 per cent, respectively, native 
white. 

Common Water Supplies—The common water supplies at Galesburg 
and Monmouth are obtained from wells drilled to the Cambrian sand- 
stone. The wells at Galesburg are 2,414 feet deep; those at Monmouth, 
2445 feet deep. Macomb and Quiney use treated surface water sup- 
plies. The Macomb water supply is obtained from the Lamoine River 
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and from an impounded reservoir known as Spring Lake; Quiney uses 
treated Mississippi River water. All water supplies have been in use 
for a period greater than the age of the group examined. As has 
been previously noted, the Galesburg and Monmouth waters contain 
1.8 and 1.7 parts per million of fluoride (I*); those of Macomb and 
Quincey, 0.2 part per million. 

Sampling Procedure.—On the day of sampling there were present in 
the Galesburg Junior High Schools 1,059 12-, 13-, and 14-year-old 
children. About 70 per cent, or 743, were pupils in the two schools 
where the study was made. Of these 743, about 42 per cent, or 319, 
were examined. At Monmouth and Macomb all 12-, 13-, and 14-year- 
old children with a history of continuous use of the public water supply 
either since birth or since 6 years of age were examined. At Quincey 
there were 876 12-, 13-, and 14-year-old children present on the day of 
sampling in the Junior High School and the five elementary schools 
included in the study. Of these 876 children, 408, or about 47 per 
cent, gave a history of continuous use of the city water either from 
birth or 6 years of age. Of these 408, 306 were examined. 

Clinical Examinations.—All examinations were made by a dentist 
using a mouth mirror and explorer, with the child seated facing a win- 
dow. Examination of each child consumed about ten minutes’ time. 


TABLE III 
A SUMMARY OF THE INCIDENCE AND AMOUNT OF DENTAL CARIES IN SELECTED 12- TO 


14-YEAR-OLD WHITE CHILDREN OF Four ILLINOIS CITIES 
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(a) 696 children with history of continuous use of public water supply 














Galesburg 243 155 | 63.8 88 | 36.2 | 177 | 207 | 201 | 194 
Monmouth 99 63 | 63.6 36 | 36.4 115 | 213 | 271 208 
Macomb 63 54] 85.7) 9 | 143] 315 | 422 | 367 | 368 
Quincy 291 279 | 95.9 12 4.1 563 | 615 | 732 628 





(b) 885 children examined, including those in (a) and those who have continuously 
used the city water since 6 years of age; water history prior to 6, variable 

















Galesburg 319 207 | 64.9 112 | 35.1 | 182 } 226 196 201 
Monmouth 148 96 | 64.9 52 | 35.1 | 150 | 200 266 | 205 
Macomb 112 96 | 85.7 16 | 14.3 | 346 411 453 | 401 
Quincey 306 294 | 96.0 12 4.0 | 567 623 | 740 | 633 





*Pub. Health Rep. 54: 862, 1939. 


Findings—In Table III are shown the number of children examined, 
the number and percentage of those with one or more carious permanent 
teeth, the number and percentage of those who are ecaries-free, and the 
number of carious permanent teeth per 100 children. In computing 
an index for showing the amount of dental caries in these population 
groups, it was decided to express the amount of dental caries in terms 
of the number of carious permanent teeth per 100 children examined. 
The number of carious permanent teeth (both past and present) was 
determined by combining the aggregates of the number of times the fol- 
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lowing items were recorded on the clinical examination form: untreated 
dental caries, extraction indicated, extracted teeth, and filled teeth. The 
sum of these four aggregates was then divided by the number of children 
examined, and the quotient was multiplied by 100. 
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Fig. 2 Distribution of the four signs indicative of past or present dental caries, 


classified according to the number per 100 children. (Pub. Health Rep. 54: 862, 
1939.) 


A graphic illustration of how much each of the four items contributed 
to the dental caries rates of each city is shown in Fig. 2. 

Worthy of special comment is the fact that approximately 35 per 
cent of the children examined at Galesburg and Monmouth showed no 
evidence whatsoever of dental earies in their permanent teeth, an un- 
usually high percentage for school children of this age group. 

Interproximal or Smooth Surface Dental Caries—An unusual dif- 
ference* was noted in interproximal or smooth surface caries. Using 
the eight surfaces of the four superior anterior teeth for illustrative 
purposes and limiting the comparisons in all four cities to only those 
children who used the city water supply continuously throughout life, 
the 2,718 approximal surfaces in Galesburg and Monmouth showed 
only 0.59 earious lesions per 100 surfaces. In Macomb and Quincey 
in 2.814 surfaces there were 8.9 carious lesions per 100 surfaces, 
or about 16 times as much of this particular type of dental caries in 
Macomb and Quiney as in Galesburg and Monmouth. These differences 
are shown in Table IV. 

TABLE IV 
Amount or DENTAL CARIES IN THE INTERPROXIMAL SURFACES OF THE SUPERIOR 
ANTERIOR TEETH OF SELECTED CHILDREN OF Four ILLINOIS CITIES 





NUMBER OF NUMBER OF NUMBER OF | DENTAL CARIES” 
CITY CHILDREN PROXIMAL CARIOUS PER 100 
EXAMINED* | SURFACES SURFACES SURFACES 
Galesburg 245 1,954 13 0.67 
Monmouth 99 784 3 0.38 
Macomb 63 502 26 7.20 
Quiney 291 2,312 215 9.30 





*The histories of these children show continuous use of the municipal water 
throughout life. 


Relation Between Mottled Enamel and Dental Caries.—At Galesburg 
the incidence of mottled enamel was 46.9 per cent in the 248 school chil- 
dren whose histories indicated continuous use of the city water. The 

*An unusual freedom from dental caries in the anterior teeth of Indian children 
has been reported by Arnim, Aberle, and Pitney (J. Am. Dent, A. 24: 478, 1937). This 


phenomenon, too, was apparently associated with the use of waters containing more 
than one part per million of fluoride (F). 
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amount of dental caries in the 114 children with mottled enamel was 
200 per 100 children; in the 129 children listed as not having 
mottled enamel, 186 per 100 children. It would appear that the 
factor responsible for the low amount of dental caries in Galesburg 
was operative irrespective of whether or not the child showed maero- 
scopic evidence of mottled enamel. A previous study** on 9-vear-old 
children indicated that the same phenomenon is operative with respect 
to deciduous teeth, teeth which ordinarily are free of mottled enamel. 


TABLE V 


SUMMARY OF THE INCIDENCE AND AMOUNT OF DENTAL CARIES IN THOSE CHILDREN 
ror Eacu or WHOM A SINGLE LACTOBACILLUS ACIDOPHILUS 
EXAMINATION WAS MADE 


CHILDREN 

















| CHILDREN NUMBER OF g S PER 
WITH ONE oR! esse BER OF CARIOUS PER 
MORE WITH MANENT TEETH 
NUMBER nace CARIES-FREE | PER 100 CIIILDREN 
CITY CHILDREN scaememiaes PERMANENT 
EXAMINED | a TEETH AGE IN YEARS, LAST BIRTHDAY 
| NO. A NO. 7, iz Ll 14 TOTAL 
Galesburg 186* 114 | 615 72 38.7 170) 192 YO 189 
Quincy 209t 201 | 96.2 8 3.8 | 518 | 638 745 | 636 
*176 of the group were those with continuous histories. 
4204 of the group were those with continuous histories. 
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Fig. 3.—Percentage distribution of lactobacilli in the saliva of the groups examined 
at Galesburg and at Quincy, classified according to the eStimated amount, (Pub. 
Health Rep. 54: 862, 1939.) 


Bacteriologic Findings.—In addition to these clinical observations, 
quantitative estimations were made of the number of oral lactobacilli in 
the saliva of 186 children in Galesburg and 209 children at Quiney. 
The bacteriologic studies were conducted by Dr. Philip Jay (Associate 
Professor, University of Michigan School of Dentistry) and Passed As- 
sistant Dental Surgeon F. A. Arnold, Jr., United States Public Health 
Service. The bacteriologie study was purely epidemiologic in that the 
unit of investigation was a population and not an individual. The group 
population differences in oral L. acidophilus closely reflected the dif- 
ference in the amount of dental earies. These findings are shown in 


Table V and Fig. 3. 
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Saliva Studies —MeClure*® found that the saliva of the eighty-two 
Galesburg children showed no differences in amylolytic action from that 
of the sixty-three Quiney children. 


TABLE VI 


VARIATION IN THE AMOUNT OF DENTAL CARIES IN 12- To 14-YEAR-OLD WHITE 
CHILDREN OF GALESBURG AND QUINCY, ILL. 
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0 112 = |~—«35.1 demic 12 4.0 ast 

l 5 | 172 52.3 18 5.9 9.9 

2 37 | 11.6 63.9 16 5.2 15.1 

3 34 «| «(107 74.6 27 8.8 23.9 

4 40 | 12.5 87.1 36 11.8 35.7 

5 9 «| 6.0 93.1 3 11.1 46.8 

6 9 | 2.8 95.9 38 12.4 59.2 

7 5 1.6 97.5 22 7.2 66.4 

8 5 | 1.6 99.1 33 10.8 77.2 

9 3 0.9 100.0 21 6.9 84.1 

10 11 3.6 87.7 

11 | 7 2.3 90.0 

12 6 2.0 92.0 

3 5 1.6 93.6 

14 5 1.6 95.2 

15 3 1.0 96.2 

16 | 3 1.0 97.2 

17 1 0.3 97.5 

18 5 1.6 99.1 

19 1 0.3 99.4 

20 and over | 2 0.6 100.0 











Total examined: Galesburg, 319; Quincy, 306. 
Number of carious permanent teeth per 100 children: Galesburg, 201; Quincy, 633. 
Fluoride (F) content of domestic water supply in parts per million: Galesburg, 

1.8; Quincy, 0.2, 
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Fig. 4.—Variation in the amount of dental caries in 12- to 14-year-old white children 
of Galesburg and Quincy. 


Chemical Analyses of the Common Water Supplies——For a detailed 
report of the mineral composition* of the Galesburg, Monmouth, Macomb, 

—— 8 

*For the mineral composition other than fluoride of many of the waters referred 
to in reference 32, see: Pub. Health Rep. 50: 1719, 1935; 52: 1249, 1937; 54: 212, 1939; 
and Public Water Supplies of Wisconsin, Wisconsin State Board of Health, July, 1935. 
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and Quincy water supplies, the reader should refer to the original re- 
port® of this study. 

Gradations in the Force of Dental Caries.—A study of the differences 
in the amount of dental caries between Galesburg and Quincy would 
indicate that the vigor or force of the mechanism capable of initiating 
dental caries is subject to marked communal differences. When general 
population groups, specific for age and sex, are studied, appreciable 
differences are observed. But the true magnitude of these differences 
becomes apparent when the comparisons are made between groups con- 
tinuously exposed to the risk of the happening in one or the other place. 
The difference in the intensity of the dental caries mechanism operating 
in these two communities is so apparent from a study of Table VI and 
Fig. 4 that little comment seems necessary. 


DISCUSSION AND CONCLUSIONS 


A considerable quantitative difference in dental caries has been dem- 
onstrated epidemiologically among communities in close proximity to 
one another. A study of the cause or causes of these differences may 
shed important light upon the etiology and the possible partial control 
of dental caries. 

While on the basis of our present knowledge it appears justifiable 
to associate the observed results with the presence of fluorides in the 
common water supply, the possibility should not be overlooked that 
other elements of comparatively rare occurrence in water or ordinary 
constituents of drinking water present in unusually large concentra- 
tions may directly or through a synergistic action with the fluoride 
produce the observed effects. All of our studies to date, however, 
have shown that the use of a domestie water capable of producing even 
the mildest type of mottled enamel in an appreciable percentage of 
those continuously exposed is associated with comparatively low 
amounts of dental earies. 

Considering the apparent similarity in the population groups, es- 
pecially those in Galesburg, Monmouth, Macomb, and Quiney and the 
methodology followed in the selection of the sample, it is difficult 
from an epidemiologic standpoint to ascribe these differences to any 
cause other than the common water supply. It should be pointed out 
that the present emphasis on the water factor of dental caries is not 
intended to exclude other factors, which may also be subject to prac- 
tieal control. 

Finally, it is apparent that, if future studies continue to confirm the 
marked communal differences in the amount of dental caries in Ameri- 
ean children living under comparable conditions, consideration would 
have to be given to an entirely new reorientation of the problem of 
dental needs, the future distribution of dental practitioners, the type 
of dentistry they will be called upon to practice, and other as vet un- 
foreseen developments. 
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Abdominal Pain 
Richard M. Smith, M.D., Boston, Mass. 


Children who complain of abdominal pain present a problem in diagnosis which 
confronts the pediatrician on many occasions. To study these children adequately 
and to evaluate the findings require the utilization of a wide variety of techniques 
and the exercise of keen clinical judgment. In opening the Round Table today, 
I want to describe briefly the condition as it is seen in practice and to indicate 
the direction which it may be most helpful for our discussion to take. 

In the infant and young child we all recognize that pain is manifested by 
crying, restlessness, irritability, and other general symptoms, rather than by a 
definite complaint. This is necessarily so because, in the infant, speech has not 
been acquired and because in the young child the ability to localize the source 
of discomfort is not fully developed. In this group of persons we must proceed 
in an objective manner. These are not the children about whom we are concerned 
at the moment. 

In the older child pain is recognized as such and can be given vocal expression. 
Abdominal pain is a common complaint. One may see a patient in whom this 
symptom is present for the first time. It may be severe or mild, and there may 
or may not be an associated elevation of temperature, vomiting, diarrhea, fre- 
quency of urination, ete. If one is dealing with an acute condition, perhaps an 
acute surgical abdomen, an immediate decision as to therapeutic procedure is 
indicated. Some study may be necessary, however, and one must guard against 
conclusions founded upon inadequate history and examination simply because of 
the urgency of the situation. These children also are not the ones in whom we 
are primarily interested now. 

The group which we wish to discuss today is comprised of children who, in 
general, are well, but who have abdominal pain, recurring in attacks extending 
over a period of months or years. These children may be seen in the first attack 
or in any one of the subsequent episodes. At the time of the first attack one 
may find little evidence of the subsequent course and little or no investigation 
may be undertaken. It is when one obtains a history of repeated attacks that 
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the picture is of especial interest. The condition is rarely an acute emergency, 
although at any time it may become so. A most painstaking study is indicated. 
We recognize that abdominal pain may be the presenting symptom in a great 
many diseased states, the primary ‘focus of which may be within the abdominal 
cavity or situated in a remote part of the body. The exact localization of the 
pain, which has been shown to be an important diagnostic factor in adults, is 
of relatively little assistance in children. Children usually refer all abdominal 
pain to the region of the umbilicus, and only rarely before the age of 10 years 
are they more specific as to the location. One must depend, then, in an investiga- 
tion of abdominal pain in children upon objective findings and their correlation 
with the evidence obtained from a careful history. The history may be difficult 
to evaluate because of the child’s indefinite story and the parent’s limited powers 
of observation and narration. 

Within the abdominal cavity there are many body systems represented. The 
major portion of the space is occupied by the gastrointestinal tract. We might 
consider this body system first. The more common diseases should be given prior 
consideration, but the rarer conditions cannot be overlooked. Almost every disease 
of the gastrointestinal tract may cause pain either directly or through extension 
to or pressure upon other structures. The underlying cause may be mechanical 
or developmental in origin, as in pyloric stenosis and intestinal obstruction; 
infectious, as in enteritis, appendicitis, and colitis; functional, as in spastic colon 
and indigestion; or undetermined, as in ulcer and neoplasms. Emotional factors 
may play an important role. To determine which one, if any, of these conditions 
is present, one needs the supplementary information obtained from many labora- 
tory investigations. Roentgenograms of the abdomen, skull, long bones, chest, and 
sinuses, and of the gastrointestinal tract with ingestion of barium, may be neces- 
sary. Blood studies of the red and white cells and of the platelets and urine 
examinations should be made in every case. Often chemical determinations of the 
blood and visualization of the urinary tract by intravenous or retrograde pyelog- 
raphy will be employed. Tuberculin tests and agglutinations and other special 
procedures will be indicated in many cases. 

In addition to the gastrointestinal tract, there are within the abdominal cavity the 
liver, spleen, pancreas, genitourinary tract, adrenals, blood vessels, lymph glands, 
and the peritoneum. Not all diseases of all of these structures cause intermittent 
attacks of pain, but in some disease of each, pain is an important symptom. Infec- 
tion is the etiological factor in connection with many of these diseases, especially 
those of the kidneys, lymph glands, and peritoneum. New growths in children, al- 
though not commonly the cause of recurring attacks of pain, cannot be left out of 
‘onsideration, especially ovarian cysts and metastases of tumors to lymph glands. The 
disease causing pain may be primary in any of the abdominal organs or secondary 
to disease elsewhere in the body. General systemic diseases, such as purpura and 
allergy, may have abdominal manifestations which cause pain. A review of the 
diseases of all the abdominal tissues is necessary. 

The most confusing cases of abdominal pain are those in which there are no 
lesions in the abdominal cavity. Diseases in various parts of the body may, under 
certain circumstances, cause no pain at the site of the lesion, but pain is referred 
to the abdomen. Intracranial disease, rheumatic fever, disease of the spine, diabetie 
coma, lead poisoning, and respiratory diseases are illustrations. The consideration 
of these conditions involves a knowledge of nerve distribution, especially in the 
abdominal cavity, and some understanding of the autonomic nervous system. 

In order that we may refresh our memories concerning the nerve supply of the 
abdominal organs and structure and the working of the autonomic nervous system, 
Dr. Snedeker will review briefly the pertinent facts relating to these subjects. 
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Some Neurologic Aspects of Abdominal Pain 
Lendon Snedeker, M.D., Boston, Mass. 


I have been asked to discuss briefly some of the neurologic aspects of abdominal 
pain. Abdominal pain is not only a frequent indication of disease, but is often 
difficult to evaluate. As Ryle has pointed out, there is a dearth of knowledge 
about this very important symptom, although recent advances, especially in the 
field of sympathetic surgery, have been enlightening. Pain in childhood, for 
obvious reasons, has not been a very popular subject for study. 

What produces pain in the viscera? This question puzzled Lennander, for he 
showed by experiments during abdominal operations that the viscera were insen- 
sitive to cutting, pinching, burning, and all customarily painful stimuli. He 
concluded that sensation resided in the parietal peritoneum, which was known 
to be richly supplied with cerebrospinal nerves. Subsequent work has shown 
that the viscera are actually the seat of painful sensations, but that the requisite 
stimuli differ from those we should ordinarily expect. Stretching of the capsule 
of such solid viscera as the liver, spleen, and kidneys is the appropriate stimulus. 
In the ease of hollow viscera, however, contraction of the muscular coat produces 
the pain. Such a state of muscular tension may be due to sudden distention of 
the viseus or to failure of muscle to relax in the presence of increasing intra 
visceral pressure. Usually the more quickly tension is produced, the more acutely 
will pain be felt. Local irritation of the peritoneum is another adequate stimulus, 
whether it is produced mechanically or by inflammation. The work of Capps and 
Coleman has shown that mechanical stimulation of the anterior surface of the 
peritoneum produces pain which is accurately localized on the outer abdominal wall 
with an error of no more than one inch. 

The end organs for pain perception are of several kinds. For example, the 
mesentery contains large numbers of pacinian corpuscles which are sensitive to 
mechanical deformation and which, therefore, serve for the perception of deep 
pressure and possibly for vibration. Most painful sensations are, however, per- 
ceived by free nerve endings in the viscera, as is the case with ordinary cerebro 
spinal nerves. Afferent impulses are transmitted from these end organs by fibers 
which pass through the sympathetic ganglia on either side of the spinal cord and 
end in the gray matter of the cord after passing through the posterior nerve 
roots. The pain sensations then either pass by way of new neurones up the spino 
thalamic tracts to the brain or are translated into reflex motor responses by 
motor nerve fibers. These pass out of the anterior nerve roots to the sympathetic 
ganglia. Secondary or post-ganglionic fibers originate in these ganglia and make 
their way to the sympathetic plexuses about the viscera and thence to individual 
muscle fibers. 

Since the functions of our internal organs are more apparent than their sensi 
bility, we often think of them solely in terms of motor impulses. It should be 
emphasized that a large part of the nerve supply to our viscera is a sensory 
one. For example, more than half of the fibers in the splanchnic nerve serve this 
purpose. 

In 1863 John Hilton pointed out the significance of external pain in relation 
to internal disease. Ross, Head, and MacKenzie went on to demonstrate that dis- 
ease in a viscus tended to be appreciated as a localized area of pain on the 
surface of the body. MacKenzie was, however, puzzled by the fact that, although 
the affected viscus might be constantly shifting its position, the painful area re- 
mained fixed. Furthermore, in the case of lesions of the gastrointestinal tract, 
pain was usually felt in the midline. Hertz explained this on the basis of 
what he called ‘‘average localization’’; that is, although the viscus was constantly 
shifting, the body came to perceive the pain in one fixed place. Furthermore, it 
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was found that in addition to pain there were often skin areas which were un- 
usually sensitive to touch. These were called zones of ‘‘hyperesthesia’’ or 
‘*hyperalgesia,’’ depending upon whether the sensation produced by stroking 
or pinching was one of increased sensibility or of actual pain. Head used these 
areas of hyperesthesia to map out the sensory distribution of the various spinal 
segments and secondarily to deduce the sympathetic nerve supply of the viscera. 

To explain these phenomena Ross initiated and MacKenzie elaborated the con- 
cept of ‘‘referred pain.’’ According to this theory, the afferent impulses from a 


diseased viseus produced an ‘‘irritable focus’’ in the spinal cord and led to the 
secondary stimulation of cerebrospinal nerve fibers supplying the exterior of the 


to the skin, in which 


body. The perception of pain was, therefore, ‘‘ referred 
ease a ‘‘visecerosensory’’ reflex had been produced; if muscle contraction oc- 
curred, a ‘‘viseeromotor’’ reflex had occurred. By this hypothesis MacKenzie 
explained the epigastric pain of early appendicitis and the later spasm of the 
rectus muscle. He also pointed out the classical examples of the radiation of 
pain to distant parts and gave a reasonable explanation as to why cardiac pain 
was referred down the inside of the arm, gall bladder pain to the scapula, and the 
pain of ureteral colic to the loin and groin. 

It should be remembered that the pain produced by palpation directly over 
a viscus is not really ‘‘ visceral,’’ but is ‘‘referred,’’ pain. For instance, although 
a gastric ulcer is insensible to direct palpation, pain is appreciated externally on 
deep pressure. This may be an instance where the pacinian corpuscles are func- 
tioning. True visceral pain is more likely to be vague and ill defined like sore- 
ness or a sense of local discomfort. 

This theory explains a few other clinical phenomena. Irritation of the outer 
margins of the diaphragmatic peritoneum causes pain over the distribution of the 
lower six intercostal nerves, that is, over the lower chest and upper abdominal 
wall. Stimulation of the central portion, however, produces pain over the ridge 
of the trapezius muscle, owing to the common innervation of these structures 
by the phrenic nerve. It happens that the central portion of the diaphragm is 
derived from cervical myotomes. The vagus nerve supplies the gastrointestinal 
canal as well as some of the structures in the neck. For this reason intestinal 
colic may be accompanied by hoarseness, or, conversely, it is theoretically possible 
that inflammation of the throat would be perceived in part as abdominal pain. 
Exeessive stimulation of the sensory part of the vagus may produce facial 
neuralgia and alter the sensitivity of the upper portions of the alimentary mucosa. 
All viseera with a vagal supply may refer stimuli to the fifth cranial nerve and 
cause pain in some of its peripheral branches. Occasionally abdominal pain 
accompanies pneumonia. Although the lungs are insensitive, secondary irritation 
of the parietal pleura and the related intercostal nerves will, as in the case of the 
diaphragm, cause pain over the lower chest and upper abdomen. Abdominal pain 
may accompany certain brain lesions. The work of Penfield and others suggests 
that there is a sensory autonomic representation for the gastrointestinal tract in 
the cortex. This accounts for the abdominal pain sometimes occurring in epilepsy 
and migraine. Cushing has observed a number of patients who were operated upon 
for brain tumors and who subsequently developed ulcers of the stomach or small 
intestine. This appears to be further evidence that there is some connection be- 
tween the brain and the gastrointestinal mucosa. The probable course of the nerve 
pathway is from cortex to hypothalamns to red nucleus to substantia nigra and 
then to the gastrointestinal tract by way of the vagus nerve. 

Both anatomic proximity and a common innervation account for the fact that 
disease in one part of the gastrointestinal tract may produce symptoms in other parts. 
Persons with anal lesions such as hemorrhoids may show the symptoms of an 
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‘‘irritable colon’’ or gastric ulcer. Experimentally it has been shown that stimula- 
tion of the anal region in dogs will alter the contraction waves in regions as far 
removed as the duodenum. Similariy, renal disease, cardiac disease, and affections 
of the liver may cause abdominal symptoms. In the case of renal pathology one 
should remember how intimately the kidneys and duodenum are related and how 
traction on the renal ligaments might produce secondary effects in the intestinal 
tract. The common renal sources for gastrointestinal symptoms are ureteral stric- 
ture, hydronephrosis, movable kidney, and renal stone. 

A number of men have tried to estimate the value of hyperesthesia of the skin 
in the diagnosis of abdominal disease. Sherren found it to be present in 40 out 
of 124 patients with appendicitis. Livingston has noted cutaneous hyperesthesia 
and hyperalgesia in 86 per cent of 400 consecutive cases of appendicitis. Both of 
them agree that this sign is absent in cases with a gangrenous or ruptured ap 
pendix, that is, in situations where intravisceral tension had been spontaneously 
reduced. For abdominal pain in general, Cope finds hyperesthesia in one-half of 
his patients, and in appendicitis in 59 per cent of them. Other authors have 
reported this finding about one-third of the time, and Cope explains this on the 
basis that they took actual pain (hyperalgesia) rather than increased sensibility 
(hyperesthesia) as their criterion. A number of observers doubt the value of these 
findings, among them Robinson, Morley, and Boland; but the balance of the 
evidence is in favor of their validity when present. Undoubtedly they are often 
perceptible if we will only take the trouble to look for them. 

TABLE I 
SENSORY INNERVATION OF THE VISCERA 




















AREAS OF PAIN REFERRAL | NERVE SUPPLY 

Heart Precordium and inner arm ~ T1-T5 
Lung No pain till parietal pleura and inter a 

costals involved 
Diaphragm Lower chest wall and upper abdomen; T6-T12 

central portion to trapezius ridge Phrenic nerve 
Esophagus Substernal region T5-T6 
Liver and gall bladder Right upper quadrant; right scapular 

region T7-TS8 
Stomach Epigastrie region T7-T8 
Small intestine Umbilical region T9-T10 
Appendix Epigastrium; later the right lower 

quadrant T10 
Large intestine Suprapubie region T12-L2 
Kidney Loin and groin T12-L2 
Ureter Loin and groin L1-L4 
Bladder }Suprapubie region T10-L4 
Uterus |Suprapubie region and lower back T12-L2 











The observations of Head on the segmental nerve supply of the viscera have 
been confirmed and modified through denervation experiments and work with 
sympathectomized patients. The sensory supply to the viscera is now fairly 
well known and is summarized in Table I taken largely from White. A review 
of this table shows that for every section of the gastrointestinal tract there is at 
least one organ with a similar innervation. This perhaps explains why gastro 
intestinal symptoms are so often a concomitant of abdominal disease whether 
or not the gastrointestinal tract is the seat of the lesion. It also creates obvious 
diagnostic difficulties in the use of areas of hyperesthesia for diagnosis. It should 
be noted, however, that in almost every case, pain from viscera, other than the 
gastrointestinal tract, shows a greater tendency to radiate and be referred. 
For example, the gall bladder innervation is identical with that for the stomach, 
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but gall bladder pain is apt to be referred to the region of the scapula. It is unusual 
for pain originating in the gastrointestinal tract to be referred, although MacKenzie 
mentions pain and tenderness over the dorsal spines. Certain other factors must be 
considered in the evaluation of pain. 

When pain has lasted for long periods of time, there is a tendency for its referral 
to be augmented and for the areas of hyperesthesia to increase. The dependability 
of these signs is thereby reduced considerably. The patient’s threshold for pain 
has been lowered, and trivial causes produce impressive effects. Patients with 
acute pain are, therefore, obviously more profitably seen early. Even if the 
affected organ has already been removed surgically, the patient may feel the 
old pain for some time after operation. Furthermore, people differ in their 
capacity to feel pain. Libman has investigated the sensitivity of various persons 
to such a stimulus as the pressure on the mastoid, and he finds they fall into hypo- 
sensitive and sensitive groups. He stresses the importance of not underestimating 
symptoms in the hyposensitive person and finds that these patients feel less or 
none of the pain of a given disease. They are more likely to refer painful im- 
pressions to the side opposite the lesion and to present more of the reflex and 
referred manifestations of the syndrome. He, therefore, considers Head’s areas 
more significant in the hyposensitive person. 

So far we have discussed the nerve pathways for pain and its localization on the 
surface of the body. There are certain other interesting phenomena associated with 
abdominal pain. For instance, in addition to referred pair or areas of hyper- 
esthesia, there may occur erection of body hair, altered vasomotor responses in the 
skin, and even, in chronic cases, muscle atrophy. Pottenger mentions such atrophy 
affecting the neck muscles in prolonged cases of tuberculosis. Vomiting is con- 
trolled through the derivatives of the seventh, ninth, tenth, and eleventh cranial 
nerves, and both the vagus and the splanchnic nerves carry reflex stimuli which 
lead to vomiting. Another interesting phenomenon is the so-called ‘‘ flexion re- 
flex’’ which is a mass reflex brought on by a variety of harmful stimuli. In 
cats distention of the stomach with air or a mixture of mustard in oil is followed 
by flexion of the trunk and extremities. Spinal man shows this same reflex with a 
full bladder. In the intact person, flexion can be produced by sudden distention 
of the gall bladder or intestines or by stimulation of the peritoneum. Two pur- 
poses are served by this reflex: first, the body is immobilized; and second, the 
omentum is displaced downward so that it covers the anterior surface of the 
abdominal viscera and favors the walling-off of infection. 

Let us consider the measures used for the relief of abdominal pain in terms 
of the neurologic mechanisms involved. Morphia is our most effective narcotic 
and acts on the higher centers. For this reason its use in abdominal pain is a 
potential danger, inasmuch as all sensations tend to be dulled and useful 
diagnostic signs obliterated. The action of atropine is more peripheral, for this 
drug produces parasympathetic (i.e., vagal) paralysis and diminishes peristalsis. 
Relaxation of the cardiac and pyloric sphincters also occurs. In cases where pain 
is not acute and severe, it may be an effective drug. Except for the relief 
afforded by such medical measures as catheterization of the bladder or the natural 
loss of pain when a stone is passed, surgery is usually required for the relief of 
acute abdominal pain dependent upon any sudden increase in intravisceral tension. 
Of late the surgeon has been able to relieve other visceral pains through his 
knowledge of the anatomy of the autonomic (sympathetic) nervous system. 
Aleohol nerve-block may be used for temporary effects and sympathectomy for 
permanent relief. Neither of these procedures, of course, lends itself to diagnostic 
use. You are already acquainted with the results secured in cases of intractable 
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cardiac pain and the often excruciating pain experienced in arterial disease affect 
ing the extremities. Such surgical procedures have been of therapeutic value as 
well as of service in demonstrating experimentally the nervous pathways for 
pain. Liver pain can be relieved by splanchnic nerve-block and bladder pain 
through sympathetic denervation. Meigs has had some success with the relief of 
dysmenorrhea by presacral neurectomy. Recent experiments by White show that 
ureteral pain can be relieved by stripping the nerve supply off the ureter. Un 
fortunately, most of these measures are adapted to chronic diseases which are 
rarely encountered by the pediatrician. 

As Pottenger has so ably pointed out, the difficulties encountered in the clinical 
study of visceral pain are: first, the individual variations in reaction to the 
same stimulus; second, the patient’s inability to describe accurately his symp 
toms; and third, the physician’s inability to comprehend and interpret the 
symptoms. The important symptoms are not solely those of an uncomfortable or 
painful character, but also the disordered functions which a careful search will 
usually show to be connected with those sensations. No one can accuse the 
pediatrician of having chosen the most cooperative and self-expressive patient 
for investigation, and it therefore behooves him especially to consider this func- 
tional aspect. His only consolation is that he will not receive from his patient a 
long and complicated history full of false diagnostic leads. In view of this 
discouraging state of affairs, it is up to him to discover in the patient every 
possible clue to the localization of the disease process confronting him. He will 
need some knowledge of visceral innervation if he is to be successful in his 
efforts. 


Borden S. Veeder, M.D., St. Louis, Mo. 


Fortunately we are to discuss only the chronie recurrent type of abdominal 
pain in older children, as a discussion of all types and ages would require a text. 
[I have written down an incomplete schema of the chief causes simply to give 
direction to the discussion. 


A. Gastrointestinal tract 
Chronic digestive disturbance (including allergy) 
Colitis 
Chronic appendicitis 
Mesenteric lymphadenitis 
Anomalies 


B. Lesions of genitourinary tract 
e.g., Caleuli, Intermittent hydronephrosis 


C. Uncommon conditions 
e.g., Ovarian cyst, Gall bladder disease, rheumatism, purpura, ete. 


In the examination I would first of all emphasize the history. This is so 
important because frequently the physician never sees the child during an attack 
of the pain. The history, of course, is apt to be indefinite, as is the pain. Going 
over the story again and again often gives new points. For example, a few 
months ago a child came into the hospital because of recurrent attacks of 
abdominal pain observed by several physicians. A diagnosis of appendicitis had 
been made and the appendix taken out, but the pain continued. An alert house 
officer in taking the history learned the attacks were followed by copious urina- 
tion. With this clue, inside of forty-eight hours a definite diagnosis of inter- 
mittent hydronephrosis was made by roentgenograms, and the pain was relieved 
by a second operation. 
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The points to be considered in the history are these: 

Duration of pain 

Character 

Intensity 

Sharp or dull (distress) 

Continuous or intermittent; long intervals or short intervals 
Location 

Position in abdomen— 

quadrant, flanks, umbilical 

Fixed or changing 

Direction or radiation 
Association with 

Fever 

Vomiting 

Diarrhea 

Constipation 

Certain, or unusual, foods 

Urination 

Menstruation 

Exercise 

What, if anything, gives or brings about relief from pain? 

Dietetic habits of the child 

We must realize, of course, that pain is a very vague indefinite thing—what is 
a little pain to one is severe pain to another. Great caution must be exercised 
in evaluating the degree and intensity of the pain as given in the history. The 
location is apt to be vague in younger children, and consideration must be given 
to attention to some point having emphasized location. The vague but important 
characterization of ‘‘neurotic’’ as regards both the parent and child must be 
taken into consideration in respect to the intensity of pain. In older children 
the question of localization and radiation may be a great deal of help. 

Association with other findings, such as vomiting, constipation, or specifie foods, 
may be of utmost importance, and, as far as these points are concerned, the only 
source of information. I recall the case of a child, before the days of ‘‘allergy,’’ 
in which recurrent attacks of pain were found to occur only after visits to one 
particular friend's house; the pain was found due eventually to the eating of red-hots 
on these visits. 

What relieves the pain may be of great help in determining its origin, as with 
urination mentioned above, vomiting, an enema, ete. 

As far as the examination goes we presuppose a general examination to rule out 
causes such as rheumatism, Banti’s disease, etc. I consider the general habitus of 
the child, its nutritional condition, as important as the manual examination of 
the abdomen, which usually offers little. Perhaps at times localized masses or 
tenderness may be found, but as a rule these are infrequent findings. Rectal exam- 
ination rarely gives help. 

In addition to the routine blood and urine examination, we must turn to 
roentgenology in many cases. My own feeling is that, with few definite excep- 
tions, such as anomalies, x-ray examination of the gastrointestinal tract gives 
little help, but it must be used frequently. Only exceptionally in the case of 
children is it of help in chronic appendicitis, granted such a condition exists. 
Gastrointestinal roentgenology in my experience confirms, rather than makes, a 


diagnosis. 














AMERICAN ACADEMY OF PEDIATRICS 803 


Urologie roentgenology is more helpful when lesions of the genitourinary tract 
are present. Such examination requires careful technique to be of help. 

With a condition or complaint due to so many causes, and with so little specific 
help available, it is no wonder many cases require long and repeated observation 
before a diagnosis can be made or relief obtained. Surgery, I feel, is a last resort 
unless specific definite information is at hand indicating surgical intervention. 

In the physical examination we presuppose that the child has a complete general 
examination, and hence our discussion is limited to the abdomen alone. The points 
of most importance are these: 


Habitus and general nutritional condition of the child 
Palpation of abdomen (Difticulties due to fear, resistance, uncertainty, and lack 
of cooperation) 
Tenderness 
Masses or deep resistance 
Muscle guarding 
Rectal examination 


The habitus or nutritional status is important. In a well-nourished child the 
pain is apt to be functional, due to excessive gas. When there is a deep-seated 
lesion, such as hydronephrosis or a chronic infection, as a rule it shows clearly in 
the nutritional condition. 

Palpation may or may not be of aid. When masses or persistent localized 
tenderness are present, we have a most important finding. But these findings are 
exceptional. Rectal examination is of little value except in the rare cases in which 
a pelvic mass is present. 

Naturally certain routine laboratory examinations must be made, such as blood 
and urine (catheterized specimen in girls) tests. 

To these are added certain special examinations, if indicated, as the tuberculin 
test, roentgenologic examination (flat, gastrointestinal, and urologic), proctoscopic 
examination, and stool examinations. 

As regards roentgenograms, the flat plate will show little besides the kidney 
position and stones. Gastrointestinal examinations, in my experience, are of rela- 
tively little help, that is, the x-ray examination confirms, rather than gives, a 
diagnosis. 

As a rule, urologic roentgenograms are much more valuable as an aid in 
diagnosis. 


DISCUSSION 


DR. A. J. BELL, Crxcrnnati.—It has been suggested that in cases in which the 
trouble is still within the appencix a different set of nerves is involved than when 
it reaches the peritoneal wall; and that early the pain is intermittent in character 
and referred to the region of the umbilicus, and later, when the peritoneal wall be 
comes involved, typical tenderness and rebound pain may be elicited. Is there any 


basis for this idea? 


DR. SNEDEKER.—Pain in the upper region is the pain Capps and Coleman 
produced by irritating the peritoneal surface. Chester Jones has shown that disten- 
tion of the intestinal tract produces pain. The early pain in appendicitis is due to 


muscular contractions. 


DR. MARTIN.—I would like to queston the somatic reaction. We must consider 
the neurotic phase in children complaining of abdominal pain. The history is very 
important. Some children have pain only on school days. It is also important to 


make careful urologic study; we recently saw a patient in whom careful history 
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taking revealed that the pain would cease after emptying of the bladder. Studies, 
[ think, are of value in the tall thin type of child in whom there is often ptosis of 


the colon and stomach. 


CHAIRMAN SMITH.—We have all experienced these cases due to neurosis. This 
diagnosis should only be made by exclusion, and I think it is the very last thing 


to consider. 


DR. L. F. HILL, Des Mornes.—What relation has a great amount of milk intake 
and constipation to abdominal pain? It has been my experience that if milk is 


stopped the pain usually disappears. Is this an allergic phenomenon or indigestion? 


DR. VEEDER.—I do not think this is an allergy. It is more likely to be due to 
the general type of the diet. However, occasionally we find an allergy to milk. 


DR. P. F. BARBOUR, Loutsvitite.—I think we should always consider kidney 
lesions, particularly if the pain oceurs following exercise. The presence or absence 
of peristaltic waves is of great significance. No peristaltic movements are elicited 
in acute abdominal conditions. Sylvester of Boston reported that, out of 1,000 
patients operated upon for abdominal conditions, the pain was found to be referred 
in 85 per cent of the cases. Intolerance to fat often induces pain in the abdomen 
of infants. Sylvester also listed about sixty-nine diseases which may cause pain 


in the abdomen. 


CHAIRMAN SMITH.—I think we should devise some new method for the 


further study of cases of this kind. 


DR. A. G. JACOBS, Mempnis.—I would like to ask about the value of pain 


in pylorospasm; also the value of x-rays. 


DR. VEEDER.—Undoubtedly there is pain in pyloric stenosis. Possibly the only 
expression of pain in the infant is that of crying. 

CHAIRMAN SMITH.—There is a group of infants and older children with 
recurrent attacks of abdominal pains which are very difficult to classify. We are in 
the rabit of calling these ‘‘abdominal pain, cause unknown; referred for further 
study.’’ 

DR. R. COHN, ToLepo.—Many babies with pyloric stenosis vomit without crying. 

DR. VEEDER.—One person’s guess is as good as another’s. 

DR. COHN.—We should also consider referred pain from the respiratory infection, 
which often gives rise to a diagnosis of appendicitis. I saw a child lately who, 
with each respiratory infection, would have repeated attacks of abdominal pain, and 
with the last attack he came down with measles. 


CHAIRMAN SMITH.—There is no question about the fact that upper respiratory 


infection will cause abdominal pain. 
DR. O. E. BARBOUR, Preorta.—Will you discuss mesenteric adenitis? 


CHAIRMAN SMITH.—With pain in the right lower quadrant, no one can make 
a differential diagnosis. Left upper quadrant mesenteric adenitis is more common 
and is often seen with recurrent attacks of sinusitis. 


DR. HUGHES KENNEDY, JR., BirmingcHAM.—Pains occurring soon after eating 
are relieved in many cases by atropine, but in some patients this gives no relief. 


What would you do in such a case? 
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DR. VEEDER.—We have often used atropine, but if the pain does not come 


on in relation to the taking of food, there is usually no effect by the drug. 

CHAIRMAN SMITH.—Barium enema is more likely to give further inflammation 
in atony of the large bowel. 

DR. COHN.—Do you consider colic a neurosis? 

DR. VEEDER.—I do not. 

DR. SNEDEKER.—Some children may be more aware of peristaltic waves than 
others. 

DR. COHN.—May some of these pains in a child 6 or 7 years old be caused 
by hunger contractions? 

CHAIRMAN SMITH.—Consciousness of peristaltic contractions may be more 
acute at some times than at others. 

DR. RAND, CrncINNAtI.—Do you feel that enemas or catharties should be used 
in perityphlitis? 

DR. VEEDER.—The chronic enema habit is bad, but enema usually relieves the 
pain, 

DR. RAND.—I meant that if you see a child with pain and if you find a boggy 
cecum, would you give enemas or catharties? 

DR. VEEDER.—Enemas, but no catharties. 

DR. M. F. OSTERLIN, TRAveRSE City, Micu.—What is the cause of pain in the 
left upper quadrant? 

DR. VEEDER.—This is usually gas, and is very commonly found. It often is 
referred to the heart. 

CHAIRMAN SMITH.—We must always keep in mind the interrelationship of 


various organs within the abdominal cavity. 


DR. J. H. GERSTLEY, Cuicaco.—lIt is true that many upper respiratory infee- 
tions cause pain referable to the abdomen, but we must consider the possibility of 
true appendicitis with an upper respiratory infection. I think many such cases are 
overlooked. 

DR. A. J. CRAMER, Burrato.—In 150 cases operated upon for appendicitis, 72 


per cent had complete recovery, 10 per cent were benefited, and the balance were a 
total failure so far as relief of abdominal pain was concerned. ’ 


DR. VEEDER.—In ear infections and upper respiratory infections I wonder if 
the patient has true pain in the abdomen or if it is more a feeling of sickness and 
nausea, 


DR. BARBOUR.—Would you discuss the pleurodynia? 


DR. SNEDEKER.—I suppose it is a referred pain from the intercostal nerves 
innervating the outer border of the diaphragm. 


CHAIRMAN SMITH.—It may possibly be similar to the pain of herpes zoster. 


DR. N. D. GANNON, Erte, Pa.—In many of my cases of abdominal pain the 
children have had cramplike intermittent pain, persistent vomiting with normal tem- 
perature, later followed by diarrhea and light-colored stools and mucus. 
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CHAIRMAN SMITH.—L think these cases come in the group of intestinal infee- 


tions with hyperperistalsis, 

DR. COHN.—The pain in Meckel’s diverticulum often simulates the pain of 
gastric ulcer. 

CHAIRMAN SMITH.—The pain is often of that nature, but careful x-ray studies 
may give the diagnosis, 

DR. R. D. HOSTETTER, Dayton.—I have found it of value to have the mother 
write down the diet given to the child over a period of one week. This has proved to 


be important in making a diagnosis, 


DR. VEEDER.—We recently saw a child with negative physical findings, whose 
diet had apparently been normal and in whom all tests were negative. He had pain 
which persisted and reeurred. Suddenly the mother discovered that the pain occurred 
after the visit to a certain home. The diet was found to be average in that home, 


but the child had eaten red-hots and candy, to which he was sensitive. 


DR. KENNEDY.—I have found children who tolerated strained foods, and if 
the foods were not strained, they often developed fever, nausea, and vomiting. Is 
this fever due to stimulation of the sympathetic nervous system? 

CHAIRMAN SMITH.—We all have experienced high fever due to this type 
of foreign body. I think it is due to stimulation of the sympathetic nervous 
system. 

DISCUSSION ON SATURDAY MORNING 
November 18, 1939 

DR. J. 8. WALL, Wasuineron, D. C.—The physiologic background of the child 

should always be emphasized. The child always takes his abdomen as a defense 


mechanism. Milk is a common cause of abdominal pain. 


CHAIRMAN SMITH.—One must always consider the emotional factors in pain. 


However, beware of such a diagnosis, 


DR. L. D. HOPPE, JR., ATLANTA, pointed out the differential diagnosis between 


lymphadenitis and chronie appendicitis. 


DR. VEEDER.—Differential diagnosis of the above conditions often is difficult. 
Lymphadenitis often follows acute infections. Likewise, it is less stormy in its 
course. There is less abdominal spasm. One may have to operate to rule out 
appendicitis. The blood picture may help some in showing the blood shift in the 
ease of appendicitis. 

DR. THEODORE RUSSELL, Barrie CreeK.—What about the diagnosis of 
spondylitis or spinal pain? Is it arthritis? 

CHAIRMAN SMITH.—One should always rule out spinal disease. Especially rule 
out recurrent spinal disease. Always keep in mind a mild Pott’s disease. 

DR. SNEDEKER.—One may also get patients with pains referred to spine. 
Your case may be pleurodynia; it may be segmental neuralgia. These cases may or 
may not develop herpes. These are probably virus infections. 

DR. VEEDER.—We have seen an epidemic of pleurodynia. These children 


usually are quiet until they move or pressure is made during examination. 
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DR. SCHLESSINGER, Denver.—Rheumatie fever may be a cause of abdominal 


pain. 


CHAIRMAN SMITH.—Abdominal pain from rieumatie fever is not usual, but 


it is an occasional symptom. 
DR. WALL.—Can we diseuss chronie appendicitis? Should it be a diagnosis? 


DR. VEEDER.—I believe there is such a condition, but time will not permit 


a discussion of this subject. 


CHAIRMAN SMITH.—Oceasionally pinworm will be a cause of abdominal pain. 


It is involvement of the appendices, 


DR. H. B. METTEL, INDIANAPOLIS.—Routine sections of appendices of post- 
mortem cases in the Riley Hospital, Indianapolis, show a great many appendices 
invaded by a large number of pinworms. This symptom is probably much more 


common than we have heretofore thought. 


DR. J. E. DYSON, Des Mornes.—I once saw a case in which round worm was a 
cause of appendicitis. One should also think of seasons in July, such as the Fourth 
of July, hot dogs, ete. 

DR. RUSSELL.—One should not forget spasm of the colon or the pain commonly 
seen in childhood after exercise. 

CHAIRMAN SMITH.—Many times gastrointestinal x-rays do not help, but when 
they do give information, they are of great help. A gastrointestinal series should 
always include a barium enema, 

DR. HOPPE.—A skin test of allergic cases does not give much information in the 
gastrointestinal type of allergy. 

DR. METTEL.—Another cause of abdominal pain difficult to diagnose is in that 
group of young girls who are beginning their menstrual periods. It is often difficult 
to decide if these young girls do or do not have a subacute appendicitis. This is 
especially difficult when we are seeing children in the clinie who are coming in from 
rural areas and cannot be seen during their acute attacks. 

DR. M. B. BROOKS, Los ANGELES.—Children who are forced to eat or who have 
poor eating habits are usually the ones who often show vague abdominal pain. 

CHAIRMAN SMITH.—Three principal factors involved in pain may be divided 
into the following classifications: (1) food; (2) allergy; and (3) emotional causes, 

DR. MARVIN ISRAEL, Burrato.—How would one diagnose rotation of the 


bowel? 
CHAIRMAN SMITH.—Use a barium enema. 


DR. VEEDER.—One should always think of the general picture of the nutrition 
of the child in making a decision of causes of abdominal pain. 


DR. D. L. SMITH, JR., Sparransure, 8. C.—A ‘‘stitch’’ in the side may be a 
eause of abdominal pain. This may be caused by a cardiac condition or local spasm 


of intestine. It is usually relieved by having the patient throw a stone or rest. 
DR. WALL.—This condition may be a tension on the abdomen. 


DR. S. D. MILLS, Westrie_p, N. J.—How can you interpret a report of re- 
dundancy of the colon? 
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CHAIRMAN SMITH.—This may be a mechanical change in the function, as 
These children who present recurrent abdominal pain 


Dr. Wall has just said. 
Very careful study 


need a prolonged study in order to make a certain diagnosis. 
of the history and frequent examinations with constant review will finally eliminate 


the condition. The causes of abdominal pain are numerous, and we should not be 


satisfied until we have exhausted all possible means and have always considered the 


pathologic conditions outside of the abdominal cavity. In many cases we may be 


able to make a definite diagnosis or find a definite cause. Pain cannot be solved 
It is often necessary to repeat history and 


in a single examination or sitting. 
physical examinations of children with recurrent abdominal pain. 
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The meeting was called to order by President Joseph B. Bilderback at 
1940, at the Orrington Hotel, Evanston, Ill. 
Dr. Joseph B. Bilderback, President 

Dr. Rie 


Dr. Clifford G. Grulee, Secretary-Treasuretr 


hard M. Smith, Vice-President 


nley Nichols, Regional Chairman of Region I 


Dr. A. Graeme Mitehell, Regional Chairman of Region II] 
Dr. Edward B. Shaw, Regional Chairman of Region IV 


Associate Regional Chairmen 


Dr. Lewis Webb Hill 


gh Leslie Moore 


Dr. Edgar E. Martmer 
Dr. Hugh Berkley 


icants were elected to membership : 


Region I 


. John W. Canaday, Glens Falls, N. Y. 
Robert D. M. Cunningham, Stamford, Conn. 
Ralph W. Daffinee, Melrose, Mass. 

Wilbur J. Fisher, Buffalo, N. Y. 

Harry H. Gordon, New York, N. Y. 
Mildred W. Jackson, Oyster Bay, a Oe 
A. Wilmot Jacobsen, Buffalo, N. Y. 
Harold Lipschitz, Brooklyn, N. Y. 

Merritt B. Low, Greenfield, Mass. 

William R,. Phillips, Elmira, N. Y. 

Edwin W. Rodenheiser, Upper Darby, Pa. 
Joseph Schwartzman, Brooklyn, N. Y. 
Russell B. Seobie, Newburgh, N. Y. 
Clement A. Smith, Boston, Mass. 

Martin L. Stein, Brooklyn, N. Y. 


Re gion Il 


Harry E. Baldock, Charleston, W. Va. 
Jack Basman, Charleston, W. Va. 


Dr. J. Gilbert Eblen, Knoxville, Tenn. 

Dr. Thomas G, Folsom, Huntington, W. Va. 

Dr. George T. O’Byrne, Tyler, Texas 

Dr. Charles E. Ward, Jackson, Miss. 
Region III 

Dr. Ralph E. Dyson, Minot, N. D. 

Dr. George Eisenberg, Chicago, Ill. 

Dr. Seymour Fisher, Normal, Ill. 

Dr. H. Sidney Heersma, Kalamazoo, Mich. 
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Dr. Stanley V. Laub, Detroit, Mich. 
Dr. Matthew Lewison, Chicago, Ill. 


Dr. George C. Malley, Zanesville, Ohio 
Dr. Thomas Myers, St. Paul, Minn. 

Dr. Harold B. Rothbart, Detroit, Mich. 
Dr. Maurice A, Spalding, Milwaukee, Wis. 
Dr. Ralph H. Verploeg, Denver, Colo. 

Dr. Warren E, Wheeler, Lansing, Mich. 


Region IV 


Dr. Ralph N. Barlow, Logan, Utah 





Dr. Charles K. Johnson of Burlington, Vt., was elected to Emeritus Fellowship. 
The resignation of Dr. F. J. Sehatz of St. Cloud, Minn., was accepted. 


The following were elected to Honorary Fellowship: 


Dr. Robert Debré, Paris, France 

Dr. Ernst Freudenberg, Basel, Switzerland 
Dr. Leonard G, Parsons, Birmingham, England 
Dr. Arvid Wallgren, Upsala, Sweden 


The treasurer’s report and budget were discussed and approved. 

It was decided that the Canadian dues should be accepted at par as has been 
done in the past. 

Dr. Edgar E. Martmer, Detroit, Mich., was appointed assistant to the secretary 


at a salary of $100 a month, and travelling expenses. 


Dr. Bert I. Beverly, chairman of the Committee on Mental Health, was present 
to diseuss the matter of a film of the first three years of life. It was moved and 
carried, with one dissenting vote, that the Committee on Mental Health be allowed 
to proceed with negotiations for the film, but that the same rules and regulations 
would have to be followed as with our previous film, final negotiations to be ap- 
proved by the Executive Board. 

It was moved and carried that the historian be included as an officer of the 
Academy, but that he shall not be a member of the Executive Board. 

Dr. Edgar E. Martmer, chairman of the Program Committee, discussed arrange- 
ments for the annual meeting, which is to be held at the Hotel Peabody, Memphis, 
Tenn., November 18-20. Since it was deemed advisable to have some person other 
than the secretary of the Academy, look after the scientific and educational exhibits, 
it was suggested that Dr. Thomas Mitchell of Memphis be asked to do so since he 
has had a great deal of experience with regard to such exhibits. A motion was made 
and carried that the tickets for the round table discussions be surrendered one 
hour before the time of the discussion in question. It was also suggested to dis- 
pense with the panel discussions for the coming meeting. 

To the Committee on Legislation were referred some suggested changes in the 
constitution and by-laws. Since additional changes were suggested at the meet- 
ing of the Executive Board, these have all been referred again to the Committee 
on Legislation to formulate, so that they ean be submitted to the members in time 
for action at the November meeting. 

The report of our publicity expert was given by Mr. Lawrence H. Selz. He 
told us that his clipping bureau has sent to him 328 clippings from the Edge- 
water Park and Washington meetings alone. These were scattered in publications 
all through the south and east. There was also an article in the April 15 issue 
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of Newsweek. He commented upon the accuracy of the information obtained in 
the clippings and said that this was largely due to the cooperation of the Academy 
members and the reporting of the material. Twenty-one separate stories were 
released through organized facilities such as the Associated Press, United Press, 
North American Newspaper Alliance, and Science Service. In addition to this, an 
extensive radio program was carried on, with free radio time for two hours and 
twenty-five minutes at these two meetings. Some progress has been made ap 
parently with magazines of larger circulation, for some of them are asking for 
articles, 

The Committee on Central and South American Scholarships reported that at 
the time they had four scholarships assured.* 

The Committee on Child Health Relations reported the advances which it has 
made in extending its activities throughout the country through the various 
state committees and its cooperation with the Children’s Bureau in Washington. 
Emphasis now is being placed upon the quality of pediatric services. Definite 
contact with the state health departments is being made through the agency of the 
state committees. The report was accepted as read. 

It was decided to discontinue the Committee on Clinical Investigation and 
Scientific Research. 

Aside from the usual activities which are so well known to the members of 
the Academy, the Committee on Contact Infections has been interested in having 
articles published in various magazines, among them the Advance, a religious 
magazine, Parents’ Magazine, and the Journal of the American Medical Association. 
The committee has also been working on a moving picture, although the proposition 
has not yet been definitely determined upon. The report was accepted as read. 

The report of the Committee on Cooperation with Nonmedical Groups and Societies 
is reported in full, except for the portion with respect to child adoption. This is 
being returned to the committee with the request that it give this portion of the 
report its very careful attention and resubmit it to the Executive Board. The 
report was accepted as read. Before accepting this report, the Executive Board 
had an extensive conference with Dr. Lee Forrest Hill, chairman of the committee, 
and Dr. Warren M. Cox, Jr., of Mead Johnson & Company, both of whom were 
present at the meeting. 

The report of the Committee on Medical Supervision of Camps was accepted. 

The report of the Liaison Committee for the American Academy of Pediatrics 
with the American Medical Association was filed. 

The Committee on Hospitals and Dispensaries reported that it was making a 
survey of the facilities for dental care in children’s hospitals. The report was 
accepted as read. 

The report of the Committee on Immunization and Therapeutic Procedures for 
Acute Infectious Diseases was accepted as read. The committee has made a care 
ful summary of chemotherapy in childhood. This is being mimeographed, and a 
copy of the summary is to be sent to each member of the Academy in the near 
future.t 

The Committee on Infantile Paralysis reported that its chairman had been 
made a member of the Committee on Education of the National Foundation for 
Infantile Paralysis. They are working upon the teaching in the various medical 
schools in regard to infantile paralysis. The report was accepted as read. 

The Committee on Legislation reported upon the National Health Bill. The 
chairman of this committee had a personal conference with Senator Murray, and 
the point of view of the Academy as expressed at the meeting in Cincinnati in 

*Since the meeting, we are told by the chairman of the committee that another 
scholarship has been arranged. 
+This report is to be published in the July issue of the JouRNAL. 














812 THE JOURNAL OF PEDIATRICS 


November, 1939, was presented. The chairman has also spent considerable time 
with Dr. Martha Eliot, chairman of the Technical Committee of the National 
Health Conference, going over the Wagner Bill with the idea of proposing some 
changes which would not be discriminatory to pediatricians. The committee 
regards it as extremely unlikely that ‘‘Congress will take any action on any 
measure affecting the interests of our members during this session except on 
H.R. 8240 relating to the appropriation of ten million dollars for the construction 
of hospitals.’’ The report was accepted as read. 

The Committee on Medical Education had nothing special to report. It called 
attention to the fact that there was no letup in the number of men entering 
pediatrics, since the American Board of Pediatrics has nearly two hundred 
candidates up for examination for certification in 1940. 

The Committee on Mental Health, aside from its urging a development of a 
motion picture which has been mentioned previously, also suggested a plan for empha- 
sizing the need for teaching mental health in the pediatric departments of medical 
schools. Articles on mental health, sponsored by the committee, are appearing in the 
JOURNAL OF Pepiatrics, The report was accepted as read. 

The Committee on Nursing Education has nothing further to report. 

The Committee on Problems of the Fetus and the Newborn Infant reported that 
it has joined with a joint committee from pediatric and obstetric societies. This 
joint committee will work along this line, and reports of the progress of this work 
will be presented to the Academy from time to time. A resolution to this effect was 
presented by Dr. Stanley Nichols as coming from Region I; it was referred to this 
committee for consideration. 

The report of the Committee on School Health and School Health Education 
was not acted upon at the meeting of the Executive Board. It was a lengthy 
report, and the Board members felt that it would take some time to digest it. 
It, therefore, will not be acted upon until the meeting of the Academy in 
November, by which time the Executive Board will have had ample time to 
review this report thoroughly. 

The Committee on Therapeutics and General Therapeutic Procedures, although 
it had no conerete report to offer, mentioned tentative plans for representation in 
the revisions in the United States Pharmacopoeia and National Formulary; a 
plan for reducing further the incidence of iead poisoning and fatality in infants 
and children; and suggestions for education of parents as to the dangers of certain 
potent remedial agents that might be left around the household carelessly. 

The Committee on Vitamins reported progress in the preparation of the pamphlet 
which is to be sent to the members later. 

The situation of the Council for Pediatric Research was discussed at length. It 
was decided to support this for another year to an amount not to exceed $500. 
The Council was to be made, under these conditions, a committee of the Academy 
and not an autonomous unit. It was asked to define more definitely its policies.* 

Dr. Otto L. Goehle reported progress in his work in making an estimate of the 
geographic distribution of pediatric practice. 

The length of appointment for state chairmen was discussed. This was con- 
sidered to be largely a regional affair, and it was decided to continue the custom 
of reappointment each year. 

It was decided that the Executive Board would recommend the institution of 
an ‘‘aftiliate’’ membership, such members to be appointed for one year and to be 


eligible for re-election. 
*Dr. Oscar M. Schloss was reappointed to the Council for Pediatric Research for 


five years. 
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The request of Dr. Alexander T. Martin of New York, N. Y., that the Academy 
assume supervision of The Mother’s Milk Bureaus in the United States and Canada 
was rejected because it was felt that the Academy had so many activities at present 
that it could not assume more. 

The secretary was empowered to spend up to $25 for the Henry Dietrich Memorial. 

On request of Dr. Hugh Leslie Moore, associate chairman of Region II, it was 
decided that the inclusion of Missouri and Maryland in Region II sheuld depend upon 
a poll of the members from these two states. 

The request of Dr. Charles W. Martin, Far Rockaway, N. Y., for a duplicate 
certificate was not granted. 

The secretary was empowered to investigate having certificates mounted on plaques 
and to report on it at next meeting. 

The offer of the Science News Letter at a reduced rate for members of the 
Society 


at the request of individual members, was accepted. 


The meeting adjourned at 12:30 a.m., Monday, May 6, 1940. 
Report of the Committee on Cooperation With Nonmedical Groups and Societies 


Your committee wishes to report satisfactory progress in its major activity, 
namely, cooperation with the National Parent-Teachers Congress in an attempt to 
further the objectives of the Summer Round-Up of the Children movement. Briefly, 
the committee’s program in this connection can be outlined most readily in the fol 
lowing numerical paragraphs. 

1. Establishment of local state subcommittees in each state in the country whose 
visualized functions will be (1) to act as an advisory or consultatory source to the 
local P.-T.A. officials, (2) to stimulate interest in their respective states in improving 
the quality and quantity of health examinations of children through arrangement 
of place on the program before state, county, or other medical meetings, through 
publication of articles in local medical journals, and through demonstration of well 
conducted examinations in as many centers as possible in each state during the period 
of the Summer Round-Up campaign, and finally (3) to inform and enlist the active 
support for the Academy’s program of all Academy members and as many of the 
other physicians of the state as possible whose work embraces children, 

2. Production of a sound motion picture film outlining the essential procedures 
in a reasonably adequate health appraisal of a normal child of school age. 

3. Preparation of a brochure supplementing the film, but in itself embracing 
minimum standards. 

To make clear the present status of the committee’s program, each of these 
paragraphs needs amplification. Concerning the state subcommittees, it may be 
said that appointments have been made in all the states and that most of the 
committees have been in operation for approximately a year. In response to a 
questionnaire to all state subcommittee chairmen last fall, twenty-nine replies were 
received. In only nine of the states had a conference with local P.-T.A. officials 
been held. Nine additional states indicated that conferences were planned for the 
future. During the Cincinnati meeting the national committee met with representa 
tives of the state subcommittees at a luncheon meeting. Twenty-five of the forty- 
eight states were represented. The whole cooperative project was thoroughly ex- 
plained and discussed, including the point of view of the P.-T.A., which was presented 
by Dr. Lillian Smith, chairman of the National Summer Round-Up of the Children. 
The members of the national committee were gratified at the interest evidenced by 
the state conunittee members in the program, and they believe that the opportunity 
thus afforded to discuss its features directly will do much to stimulate activity in the 


various states 
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Undoubtedly, the most important, and what has every promise of being the 
most valuable, part of the program is the sound motion picture film. The picture 
has been completed and had its first showing before the Region I meeting at Wash- 
ington on April 4. Several comments should be made about this film. In the first 
place, both the committee and the Academy owe a debt of thanks to Dr. Arthur H. 
Parmelee for the many hours of work he spent in assisting with the preparation of 
the scenario and in acting as technical advisor during the filmitig process, and to 
Mead Johnson and Company for making it financially possible for the Academy to 
have the film. The filming was done by a professional concern, and professional actors 
and actresses were employed. Obviously, the expense incurred was considerable. 

The picture is listed under the title of ‘‘ When Bobby Goes to School.’’ It is a 
16 mm. film and requires twenty-five minutes for showing. It is, of course, 
necessary to have a sound projection apparatus and to have an empty 800-foot 
reel upon which to wind the film, which is continuous. 

Certain rules governing distribution of the film have had to be set up for ob- 
vious reasons. These rules have already been submitted to and adopted by the 
Executive Board, but in the interests of completeness of this report, they are 
listed here. 

1. That the committee incorporate as part of their report, to be sent to all 
members of the Academy, the complete scenario as presented in the first draft 
at its Cincinnati meeting. (Accomplished.) 

2. That the chairman of the Committee on Cooperation with Nonmedical Groups 
and Societies take the responsibility for arranging showings before all regional 
meetings of the Academy during the next year. 

3. That the Committee urge all members of the Academy to take the initiative 
in arranging for a showing of the film before their local medical groups. 

4. That to facilitate these various actions, Mead Johnson & Company will be 
pleased to have its various representatives help in arranging details of projection, 
provided the showing is to medical groups. 

5. That the committee recognizes that this education film will accomplish its 
major purpose only if seen by the maximum number of people, and requests Mead 
Johnson and Company, because of their experience in the ethical distribution of 
motion picture films, to take full charge of distribution. 

6. It is understood that film will be released only on the request or sponsor- 
ship of a physician. When anyone proposes to use the film, he will be required to 
secure the written permission of a responsible official of the county medical 
society in the county in which he proposes to show the film. 

7. Mead Johnson and Company is requested not to sell copies of the film to 
any individual, group, or organization. 

Already commitments have been made to show the film before the Region 
II and IV meetings of the Academy, before the Pediatric Section meeting of the 
American Medical Association in June, and before several state medical meetings. 
The state subcommittees will be urged to make arrangements for having the 
pieture placed on the program of all state medical meetings and those of as many 
county and other medical meetings as possible during the coming year. 

The committee hopes that certain results will come from widespread showing 
of this film to physicians. Primarily, it is hoped that a clear conception may 
become established as to what constitutes a reasonable health appraisal of a 
preschool and school-age child. It is hoped that the procedure depicted in the film 
will gradually come to be accepted as a standard that ought to be employed 
whenever a child is presented to a physician for a health examination. While the 
original purpose of the film was in connection with the Summer Round-Up of the 


Children as a means of demonstrating the seope of the examination desired, it is 
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now apparent that its educational possibilities extend even beyond this activity, 
important as it is, and it should serve as a stimulus and an example to the 
physician not only to make better health examinations, hut to make better exam- 
inations on all children whom he is called upon to treat. Finally, it may be said 
concerning the film that it represents the combined consensus of the American 
Academy of Pediatrics and carries with it the authority and prestige of that body; 
every member reviewed the scenario, and submitted criticisms, in so far as pos- 
sible, were incoroporated in the final draft. 

The third portion of the Committee’s program is now in process of preparation. 
This is a brochure intended to amplify those points which could only be suggested 
in the film. Its purpose will be to present briefly and concisely up-to-date 
information which the general practitioner and pediatrician need to know in 
‘arrying out the details of a reasonably thorough health appraisal of a child. It is 
intended to discuss not only the important features of the physical examination, but 
also other equally important phases of child health such as behavior, emotional 
stability, social adjustment, and nutritional needs. Stressed will be the point 
that a well-executed health examination provides an unexcelled opportunity for 
parental education which is largely missed in hurried group examinations. These are 
the aims embodied in the health program of the National Parent-Teachers Congress, 
designed to be carried out through the Summer Round-Up of the Children. In the 
cooperative program thus outlined your committee hopes the groundwork may be 
laid for some progress along the slow road of education in broadening the field of 
preventive pediatrics. 

Finally, your committee wishes to present the report of Dr. Albert D. Kaiser which 
was submitted to the committee at its meeting in Cincinnati, November 16. This 
report pertained to the present status of medical supervision of nursery schools. 
This subject had previously been suggested to the committee as a possible field for 
Academy cooperation. 

Dr. Kaiser’s report reads: ‘‘The rapid development of the nursery schools in 
many communities has created a new focus for the grouping of young children. 
The health problem for nursery schools is not unlike that of larger and well- 
established schools. Inasmuch as they are frequently inaugurated under private 
auspices, there was some uncertainty as to the health provisions instituted in 
connection with the schools. 

‘*T communicated with a number of authorities in New York State and in 
Weshington. These directors all agreed that health supervision of nursery schools 
is not only desirable, but essential. In the correspondence and from conversation 
with nursery school authorities, I learned that excellent medical supervision is now 
provided for nursery schools affiliated with institutions or supported by founda- 
tions. The medical supervision of privately conducted schools is variable, excellent 
in some instances and absolutely lacking in others. 

‘*Tn some communities the local health authorities must approve the establishment 
of a nursery school, and the policy of health supervision is directed. This applies 
to privately as well as publicly conducted schools. Supervision by the local health 
authorities, either city or county, would be the most satisfactory method of correcting 
this neglect in such schools in which no provision is made for health direction of 
the pupils. 

‘*T believe this committee could transmit to the state chairmen the suggestion 
that the health supervision of nursery schools is inadequate in many instances. 
Although excellent provision is assured in some nursery schools, there is no assurance 
that a responsibility exists for such protection. Through their local committees state 
chairmen could bring the importance of this matter to the attention of the local health 
officers who are in best position at present to see that every school has a minimum 

standard for health provision. 
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‘*This procedure has the approval of a number of authorities interested in 
nursery schools.’’ 

Your committee recommends: 

1. That the part of this report dealing with the sound motion picture film be 
published in the JournaL or Pepiarrics as soon as possible in order that the 
Academy members may be informed of its availability, its purposes, and its rules 
for distribution. 

2. That the report of Dr. Kaiser also be published in order that the Committee 


may learn of any Academy interest in the subject. 


Respectfully submitted, 
Committee on Cooperation With Nonmedical 
Groups and Societies 
Lee Forrest Hill, Chairman 
Dennis H. Kelly, Secretary 
Cc. A. Aldrich 
James W. Bruce 
Joseph H. Johnston 
Albert D. Kaiser 
Margaret M. Nicholson 
Warren R. Sisson 
Henry E. Utter 


Report of the Committee on the Medical Supervision of Summer Cemps 


I. Preeamp Examination. Purpose: To select children able to participate in the 
usual summer camp activities and to detect acute infectious diseases. 

\. Examiner to be a physician familiar with medical problems of children. 

B. Time of examination to be preferably two weeks before entrance to camp 
and not longer than one month. 

C. Form for physical examination to be similar to that recommended by the 
Camp Committee of the American Academy of Pediatrics and to include 
recommendations of examining physician. 

D. Compensation to physician to be paid by parent or camp organization. 


Standard fee to be established by loeal groups. 


Il. Medical Supervision at Camp. 

\. Medical personnel to consist of physician and nurse; also dietitian in large 
camp units. The camp physician should be in residence or in the capacity 
of visiting physician. The nurse should always be in residence. The 
dietitian should be in residence or in visiting capacity. 

B. Qualifications of personnel. 

1. The eamp physician should have had at least five years’ experience in 
medical practice. He should be familiar with the usual medical problems 
of children. He should be in residence if possible. A camp physician 
should be available at all times. 

2. The camp nurse should be a graduate of an approved school of nursing, 
with at least three vears’ experience of graduate nursing, and should 
be familiar with the nursing problems of children. 

3. The camp dietitian should have had training in a reeognized school of 
dietetics and should have had at least one year’s practical experience. 
The duties of a dietitian may be filled by a qualified nurse with adequate 


dietetic training. 
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Duties of personnel. 


2. 





Duties of camp physician. 

a. Sanitary inspection, either independently or in collaboration with 
state health department, should consist of examination of food 
handlers, with special reference to tvphoid, tuberculosis, and syphilis; 
and investigation of water supply, sewage disposal, and milk supply. 

b. Physical examination of children to be made within forty-eight hours 
after admission to camp. Standard forms for examination to be used. 

e. To give health talks and first-aid instruction. 

d. To render medical and surgical care to campers and staff. 

e. To report all illneses, injuries, and physical defects to parents. 

f. To supervise the nursing care of campers and staff. 

g. To provide and make available facilities of a well-equipped infirmary, 
with provision for isolation. 

h. To select and make available facilities for Class A hospital. 

i. To supervise camp routine with reference to rest, food, and exercise. 

Duties of camp nurse. 

a. To render first aid to staff and campers in absence of camp physician. 

b. To render nursing care to all sick campers and staff. 

ce. To report daily all illnesses and injuries to camp physician. 

d. To assist camp physician in physical examinations. 


e. To supervise camp diets in absence of dietitian. 





ANNUAL MEETING, REGION II OF THE AMERICAN ACADEMY 
OF PEDIATRICS 





































The annual meeting of Region II of the American Academy of Pediatrics was 
held on March 15 and 16, 1940, at the Edgewater Gulf Hotel, Edgewater Park, 
Miss. The program consisted of two panel discussions on ‘‘The Hematology and 
Anemias of Infancy and Childhood’’ and ‘‘ Pediatric Surgery.’’ There were two 
round table discussions on ‘‘ Intracranial Injury in the Newborn’’ and ‘‘Sulfanil- 
amide and Sulfapyridine.’’ A general program of pediatric interest was given 
on the afternoon of March 15. Guest speakers at the evening meeting were Dr. 
Felix J. Underwood, executive ofticer of the Mississippi State Board of Health, 
who talked on ‘*The Opportunity for Preventive Medicine in Pediatries,’’ Dr. 
William Harvey Perkins, Professor of Preventive Medicine at the School of 
Medicine of Tulane University of Louisiana and president of the Tuberculosis 
and Public Health Association of Louisiana, who talked on ‘*Changing Concepts 


’ 


of a Typical Case of Tuberculosis Infection.’’ 


Business Meeting of Region II, March 16, 1940 


In the absence of Dr. Edward C. Mitchell of Memphis, regional chairman, Dr. 
Hugh Leslie Moore of Dallas, associate regional chairman, called the meeting to 
order, Those states represented were Arkansas, Alabama, Georgia, Louisiana, 
Mississippi, North Carolina, South Carolina, Tennessee, Texas, and Virginia. 
Florida, Kentucky, Oklahoma, and West Virginia were not represented. 

Sixty Fellows of the Academy in Region II were present. Dr. Joseph B. 
Bilderback, Portland, Ore., president of the Academy, Dr. Clifford G. Grulee, 
Evanston, Ill, secretary of the Academy, Dr. Jessie M. Bierman, Children’s 
Bureau, Washington, D. C., and Dr. Hugh L. Dwyer, Kansas City, Mo., were 
present. One hundred and one guests were registered. 

The chairman asked if any state problems or any unfinished business was 
to be brought up for discussion. 

Dr. Gilbert Levy of Memphis stated that Dr. Arthur G. Jacobs, Memphis, was 
working out some means whereby there might be a weaving of activities between 
the pediatric group within the state and the Children’s Bureau. 

The chairman then called fer new business. 

Dr. Warren Quillian, Coral Gables, Fla., and Dr. James B. Stone, Richmond, Va., 
were nominated as associate regional chairmen. 

Dr. Hugh Leslie Moore of Dallas, incumbent associate regional chairman, was 
nominated regional chairman. 

The chairman then brought up for consideration the time and place of the next 
meeting. 

The chairman announced that Richmond, Va., had invited Region II to hold its 
next meeting in that city. There were no other invitations. It was voted to meet 
in Richmond. 

Dr. Grulee told the group what was happening in other regions. He explained 
that Regions IIT and IV have committees who attend to programs, exhibits, and 
finances. They establish regional finances, with a background of some hundreds 
of dollars, and the whole thing can then be worked out systematically. In this 
manner, it is possible to develop in a region the kind of program it wants, as well as a 
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clientele, and the meeting can be financed very easily. He announced that this plan 
is being worked out in Region I also. It was his belief that, in view of the faet 
that this is the first independent meeting that Region II has had, it might be well 
now for the region to take this matter into consideration and formulate some plan 
in this direction. A committee was appointed to work this plan out. 

Dr. Gilbert Levy proposed that, in view of the fact that it was the general 
consensus of opinion that this first independent meeting of Region II of the American 
Academy of Pediatrics had been a most successful one, a rising vote of thanks be 


tendered to the members of the committee, to Dr. Robert A. Strong, to Dr. Harvey 


F. Garrison, and to all those who helped to make it a success. 


There was no further business and the meeting adjourned. 











News and Notes 


At the fifty-second annual meeting of the American Pediatrie Society at Skytop 
Lodge, Skytop, Pa., May 2-4, 1940, the following members were elected officers for 
1940-41: president, Dr. Thomas B. Cooley, Detroit; vice-president, Dr, Grover F. 
Powers, New Haven; secretary-treasurer, Dr. Hugh McCulloch, St. Louis; recorder- 
editor, Dr. Heyworth N. Sanford, Chicago; councilor, Dr. A. Ashley Weech, New 
York. The following were elected to membership in the Society: Dr. Stewart H. 
Clifford, Boston; Dr. Francis F. Sehwentker, New York; Dr. Charles A, Weymuller, 
Brooklyn; Dr. Harriet G. Guild, Baltimore; Dr. Paul Gyorgy, Cieveland; Dr. John 
A. Bigler, Chicago; Dr. T. F. MeNair Seott, Philadelphia; Dr. John P. Caffey, 
New York; and Dr. Clement A. Smith, Boston. 


The Society for Pediatrie Research on May 1, 1940, elected the following members 
as officers for the year 1940-41: president, Dr. A. Ashley Weech, New York; 


secretary, Dr. Mitchell 1. Rubin, Philadelphia. 


Dr. William J. Orr has been appointed Professor of Pediatrics and Head of the 
Department at the University of Buffalo Medical School. He succeeds Dr. DeWitt 


H. Sherman, emeritus professor who died recently. 


Dr. Stanley Gibson has been appointed Professor of Pediatrics and Head of the 
Department at the Northwestern University Medical School, Chicago. Dr. Gibson 
sueceeds Dr. Isaane A. Abt, 

Dr. James W. Bruce has been appointed Professor of Pediatrics and Head of the 
Department at the University of Louisville Medical School. Dr. Bruce succeeds Dr. 
Phillip Barbour. 




















Book Reviews 








Your Baby and How to Care for It. Lindsey W. Batten, M.D., M.R.C.P. New 
York, 1940, Harper and Brothers. Pp. 182. Price $1.50. 


Let’s Talk About Your Baby. H. Kent Tenney, M.D., F.A.A.P. Minneapolis, 
1940, University of Minnesota Press. Pp. 115. Price $1. 


Approximately a hundred books—good, bad, and indifferent—on the care of the 
baby have been published for lay consumption. As all cover more or less the same 
ground, and the differences, except in style, consist chiefly in the expression of 
relatively unimportant viewpoints or idiosynerasies of the authors, they are rarely 
given review space in the JouRNAL. As a rule, they add little or nothing to the 
literature or advancement of pediatrics, and their circulation is in large part limited 
to the practice of some one pediatrician or locality. It was the late Dr. L. Emmet 
Holt, Sr., who started this never-ending procession many years ago with the little 
volume, Care and Feeding of Children, which was a household classic in the early 
part of this century. 

By coincidence, two books in this field came to the reviewer’s desk recently which 
are so outstanding that the usual boresome task of reading became a pleasure. While 
both have the same purpose and cover the same ground to a certain extent, they 
are as different as night from day. Each has a distinctive style and, while we do 
not believe Dr. Batten’s book could have been written by an American, we cannot 
conceive of Dr. Tenney’s with an English author. 

Your Baby, by Dr. Batten, an English physician on the staff of the Children’s 
Hospital in Hampstead where he is engaged in ‘‘ general practice,’’ covers not only 
the care and feeding of the infant, but the first two chapters, based upon his own 
experience, have to do with pregnancy and the child before birth. This, in the 
United States, would have meant a compilation of obstetrician and pediatrician, Al 
though the advice frequently differs in details from current American practice, the 
author is so sane in his viewpoints, so understanding of the problems of the 
young prospective mother and the mother with young children, and above all 
writes with a style so delightful and humorous that the book is outstanding. 
After a discussion of nursing, artificial feeding, and diet, it concludes with three 


” 


chapters on ‘‘bad habits’’ and ‘‘management’’ which alone are a noteworthy 
contribution. This coverage makes it rather unique, and it is one of the few books 
in this field that a doctor might want his own child to read. It is obvious that 
Dr. Batten is preaching what he practices and that his patients are very for- 
tunate individuals. There is a brief foreword by H. G. Wells that might just as 
well have been omitted. 

Let’s Talk About Your Baby, by Dr. Tenney of the Wisconsin Schoo! of Medicine, 
was written in 1934 and privately published by Dr. Tenney for his patients. Reports 
of the book gradually circulated around, and in this way it came to the attention 
of a number of pediatricians who became enthusiastic about it. Now the book, 
with minor revisions, has been issued in an attractive format by the University of 
Minnesota Press and is available for general distribution. It is distinctly American 
in its subject matter, make-up, and style. Dr, Tenney starts each chapter in a 
colloquial, even slangy, sort of way, and then gradually passes over into sound 
straightforward advice written in a simple direct way. Dr. Tenney, like Dr. Batten, 
has a knack of expression that carries over the meaning to register in the lay mind. 
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The last chapter, ‘‘ Important Events in the Early Life of Your Baby,’’ gives a 
place to enter data graphically regarding the baby’s development. There is an ex- 
cellent short foreword by Dr. Brennemann. 

The change of title of Dr. Batten’s book has interested us. In England it is 
published under the distinctive and attractive title, The Single-Handed Mother. Why 
the change to the commonplace mediocre title, Your Baby, for the American public? 
It is paralleled curiously enough by the publication m England of the Aldrich 
book, Babies Are Human Beings, under the title of Understand Your Baby. At 
least things, so far as titles are concerned, have been evened with our English 
colleagues, but the minds of publishers are beyond understanding. 

B. 6. V. 


A Manual of the Common Contagious Diseases. Philip M. Stimson, M.D. Third 
edition. Philadelphia, 1940, Lea and Febiger. Pp. 467. Price $4. 


The third edition of Stimson’s manual has been thoroughly revised and rewrit- 
ten to an extent that practically makes it a new book. Controversial questions 
are hanaled with impartiality. The newer chemotherapeutic methods of treatment 
are included. Five excellent color plates have been added. The new edition will 
undoubtedly hold for this manual the position which it has so justly obtained. 
The Compleat Pediatrician. W. (. Davison, M.D. Third edition. Durham, N. C., 

1940, Duke University Press. Price $3.75. 

There is no such radical change in the third edition as was made in the second 
edition of this book published two years ago. Many minor changes have been 
made which bring the material to date and are in keeping with the rapid progress 
of pediatrics in the last two years. The book continues to remain ‘‘a veritable 


mine of information’’ and is invaluable for the oftice desk. 
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Treatment: In cases 
suscepti- 
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one syringe of ‘Ivyol’ 
is administered every 
24 hours, to be re- 
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are re- 
lieved. Four doses are 
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Prophylaxis: The 
contents of one syr- 
inge of ‘Ivyol’ is ad- 
ministered intra- 
or deep 
subcutaneously 
week for four weeks. 
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With the advent of ; 
and greater outdoor activ- 


summer 





the physician is again fre- 
confronted with the 


ity, 


quently 
necessity of controlling the severe 
dermatitis of poison ivy, with its 
attendant acute burning pruritis. 
‘Ivyol’ is suggested for the treat- 
ment of this condition. It is sup- 
on 
CG 
“FOR THE CONSERVATION OF LIFE” 


Mulford Biological Laboratories 


Shaip 5 Liohwe 





plied in two forms—‘Ivyol’ 
(Poison Ivy Extract) and ‘Ivyol’ 
(Poison Oak Extract). They are 
solutions of the active principles 
derived from poison ivy and 
poison oak respectively, in sterile 
olive-oil with 2% camphor as a 
preservative. Because of its olive- 
oil base, the administration of 
‘Ivyol’ by deep subcutaneous or 
intramuscular injection is com- 
paratively free from pain. 
‘Ivyol’ is available in packages 
of one and four miniature syringes. 
Each syringe represents a single 
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Enough For 24 Hours Made up at Beginning of Day 


S:M.A. is so easy to prepare. 
Enough for the entire 24 hour 
period may be made up at the 
beginning of the day and’stored in 
the refrigerator until ready toweed. 
It should then be brought. to«bedy 
temperature and fed at prescribed 
intervals. 

S.M.A 


is economical, too, be- 





ws 


S.M.A. 1S ECONOMICAL. INFANTS RELISH IT, DIGEST IT EASILY AND THRIVE ON IT. ‘ 





cause, aside from orange or tomato 
juice for the required vitamin C, no 
other vitamin supplements are usu- 
ally necessary. S.M.A. provides 
vitamins A, B; and D in amounts 
sufficient for the normal, «full-term 
infant. When kept in the refrigera- 
tor, it retains its nutritional value 
indefinitely. 
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S.M.A. is @ food for infants —derived trom 
tuberculin-tested cow's milk, the fat of which 
is replec by animal and vegetable fets in- 
cluding biologically tested cod liver oil; with the 
eddition of milk sugar and potassium chloride; 


— 


altogether et b> antirechitic food. When 
dilu 
similar to tones ng milk in percentages of 
protein, fat, carbohydrate and ash. in chemical 
constants of the fat and physical properties. 
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